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GENERAL INTRODUCTION 
The rapid and spectacular advances of reconstructive middle-car 
surgery during the pa«t fifteen years have not allowed a definitive 
evaluation of all the techniques used. In cases of otosclerosis, staped-
ectomy and the use of an artificial prosthesis is generali) accepted as the 
method of choice, now that stapes mobilization has been discarded and 
stapes interposition techniques ha\'e fewer though fervent advocates. 
Postoperative closure of the air-bone gap is obtained in 90-95% of the 
cases; the results depend on surgical skill, the type of prosthesis used, and 
the preoperative selection of patients. One continues to seek new methods 
or to perfect existing ones with the object of further improving the results 
obtained. 
Restoration of hearing when chronic ear disease is present poses a 
greater problem and t\mpanoplastic procedures have been developed 
in the hope of achieving this, once the inflammatory process or cho-
lesteatoma has been eradicated. The introduction of antibiotics and the 
general acceptance of the operation microscope as an obligatory tool 
have tremendously stimulated reconstructie middle-ear surgery and 
much work has since been done to improve the results of the tym-
panoplasty operations 
The optimal hearing, to be achieved by a tympanoplasty, depends on 
the possibilities of restoring both the tympanic membrane and the 
ossicular chain. 
The problem of closure of a perforation in the tympanic membrane 
is not yet completely solved. However, there is a growing consensus of 
opinion that tissue of mesodermal origin is a better grafting material 
than skin, the material which was originally advocated; deep mcatal 
skin mav be an exception. Homologous drum grafts may produce e\cn 
better results in the future, however, these procedures are still in the 
experimental phase. 
In the E.N.T. department of the University of Nijmegen the last skin 
graft was done in 1961, and the change-over to connective tissue grafts 
has not been regretted. The success of these operations has been found 
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to depend greatK on the absent e of preoperative infection and a normal 
functioning Eustachian tube. If these preoperative conditions exist and 
the patient is not too young, success can be expected in more than 85 Çr 
of the cases. 
However, reconstruction of a defective or non-functioning ossicular 
chain, which would be expected to provide the required gain in hearing, 
is still beset by many problems. In the first chapter of this thesis the 
current literature on the subject is briefly reviewed and the conclusion 
reached that the artificial ovsicular prostheses used in tvmpanoplasties 
have many disadvantages. Therefore, the renewed interest in organic 
material for chain reconstruction whether autologous, homologous or 
even heterologous seems \ery justified. 
Within the environment of the operating field the surgeon has several 
tvpes of tissue readily available, which mav be used to restore a func-
tioning sound conducting mechanism. Ideallv, an ossicular chain differing 
as little as possible from the original one should be made, so that it has 
all the advantages of maximal perception and protection. When one of 
the ossicles is greatly damaged or nmsing, this object can only be achieved 
by the use of an ossicular transplant, possibly obtained from an ossicle 
bank, as suggested by Portmann. At present, there is little or no accurate 
knowledge about the eventual fate of these ossicular transplants in the 
middle-ear. 
Any part of the o.ssicular chain may be affected by the destructive 
processes of chronic car disease. Yet, the incus, especially its long process, 
is owing to its anatomy and location most likely to be damaged by 
this type of pathology. The incus, itself, also may inadvertently have 
been dislodged during previous mastoidectomy. Apart from these defects 
many disorders causing a conductive type of hearing-loss will require 
functional reconstructive surgery. 
This study, in which rats were used as experimental animals, deals 
with the problem of incus replacement We have tried to determine the 
fate of incus transplants in the middle-car and the requirements which 
have to be fulfilled to make a durable and well functioning transformer 
mechanism. 
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CHAPTER I 
RECONSTRUCTION OF THE OSSICULAR CHAIN 
In evolution, the transition from life in water to life on land has 
required a tremendous change in many physiological functions of the 
body as for example respiration, locomotion, temperature control and 
many others. The car has not escaped change and has had to adapt itself 
to perceive the air-borne sound. The inner ear fluids, whose displacement 
by wave motion stimulates the organ of Corti and enables man to hear, 
are a constant reminder of this evolutionary phase. Because there is a 
high impedance factor between the media air and water (99,9% of 
soundwaves are reflected from the water-surface), the ear has adapted 
an airfillcd lever-containing Umpanum, which acts as a transformer 
for conversion of sound waves in air to .sound waves in fluid. This sound 
pressure transformation is accomplished by the entire middle-ear me-
chanism, which also serves as a receptor and an amplifier of the sound, 
and compensates for the loss, which would have resulted if the sound 
waves should strike the inner car directly. 
The tympanic membrane, the auditor)' ossicles and the two windows 
(fenestra ovalis and rotunda) together form this optimal transformer 
mechanism. The drum membrane acts as a collector of the sound energy, 
whereas the ossicular chain serves as a conductor and amplifier of sound. 
The ossicular chain, in the presence of an airbaffle protecting the round 
window, enables the sound waves to reach the fenestra ovalis and rotunda 
in different phase; this resulting phase difference is essential for normal 
hearing. The presence of air in the middle-ear and equality of pressure 
on both sides of the drum is maintained by the Eustachian tube. 
The ossicular chain of all mammals is composed of three ossicles. The 
malleus is connected to the drumhead b\ its handle or manubrium and 
its head forms a «addle-joint with the body of the incus. The long process 
of the incus arising from the body runs downwards parallel to the manu-
brium and through its lenticular process forms a small joint with the 
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head of the stapes. The footplate of the stapes is mo\able in the o\al 
window, being supported in position by the annular ligament. 
The physical properties of the entire sound conducting mechanism 
have been the subject of excellent and extensive studies (Dahmann 1929, 
1930, Wever and Lawrence 1954, von Békésy 1960, Kirikae 1960), and 
from these we understand the specific role of the ossicular chain. Con-
duction and amplification of sound and protection of the inner ear against 
loud sound by means of the middle-ear muscles arc its main roles. Inter-
ruption of the ossicular chain causes a hearing loss of about 60 db, when 
no phase difference of the sound wa\es is present. 
The lever-action of the ossicular chain, which is due to the difference 
in length between the handle of the malleus and the long process of 
the incus, being a factor of 1.3 (Dahmann 1930), however should not 
be overestimated (Lawrence 1963). The relative gain of hearing through 
this leverage corresponds to only about 2.5 db.. Kirikae (1964) attributes 
even no amplificatory function to the ossicular chain, but rather an 
accurate transmission ability. 
To function normally, the ossicles should also be able to move freely 
between their articulations and clear of the walls of the tympanic cavity. 
These physiological factors should be taken into account when studying 
the problem of reconstructing a defective or malfunctioning ossicular 
chain. 
The ear-ossicles, except the stapes footplate which is derived from the 
labyrinthine capsule, originate in the mesodermal tissue of the first and 
second branchial arches. During the 3rd month of embryonic life the 
cartilaginous structures of what later are to be malleus, incus and stapes 
become visible. Gradually, primary ovsification occurs and is completed 
at birth. Globuli interossei, which are seen throughout adult life in the 
ossicles and the labyrinthine capsule, are remnants of cartilage from em-
bryonic life. Because secondary ossification only takes place in certain 
locations (Richany, Bast et al. 1954), the bone keeps its typical woven 
appearance. The microscopic structures of this bone, which apart from 
Sharpeys bone in the vicinity of muscle insertions is confined to the ear, 
has been the subject of extensive histological studies (Osterie 1933, 
Wustrow 1954, Chevance 1961, a.o.). 
The ossicular chain is covered bv a thin mucoperiosteum. This consists 
of an outer epithelial layer, a middle fibrous layer and an inner periostal 
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layer. There is a great individual variability in the thickness of this rau-
coperiosteum, depending on its anatomical site within the middle-ear 
(Schurig 1961 ). In the rat we have found the mucoperiosteum to contain 
only two thin layers of flat cells. 
The blood supply of the ossicular chain is derived from several sources 
(Nager 1953). Malleus and incus are supplied by the anterior branch 
of the anterior Umpanic artery. A branch of this vessel, the incudal 
artery, passes into the body of the incus at the root of the long process 
and branches inside the incus to supply the bone. The extension of this 
vessel is variable and it does not alwa\s reach the lenticular process. In 
these cases, the lenticular process becomes entirely dependent on the 
mucosal plexus overlying the incudo-stapedial joint (Smith 1958, Alberti 
1963). The vessels of this plexus are derived from three sources. Firstly, 
from the descending mucosal vessels along the long process of the incus, 
branches of the posterior root of the anterior tympanic artery. Further, 
this plexus is supplied by the crural arteries of the stapes and by the 
mucosal vessels accompaming the stapedius tendon and originating from 
the Fallopian canal. Therefore, stapedectomy jeopardizes the nutrition 
of the lenticular process (Smith 1962), which may then become entirely-
dependent on the descending mucosal vessels. In this case, slight pressure 
from a prosthesis on the long process of the incus can result in necrosis 
with a loss of hearing to the preoperative or worse level. Broess and 
Kuijpers ( 1966 ), working on experimental stapes surgery in cats, demon-
strated the effect of pressure exerted by a teflon piston on the long process 
of the incus ( fig. a. ). Even small manipulations such as were a custom 
during stapes mobilization or too fervent application of suction over the 
incus may lead to avascular necrosis, resulting in disruption of the ossi-
cular chain (Hough 1958, Alberti 1961, Smith 1962, Beales 1964, Webb 
1966). Preservation of the stapedius tendon together with its mucosa 
during stapedectomy can help to meet the vascular requirements of the 
lenticular process (Webb 1966). 
The most common cause of incus damage is otitis media with or 
without cholesteatoma. Acute necrotizing otitis media, a complication of 
exanthemata such as measles, though rare nowadays, may despite healing 
severely damage the drumhead and ossicular chain. Chronic otitis media 
without cholesteatoma can produce the same damage or lead to tympa-
nosclerosis, which may also require functional surgery. 
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Fig. a. 
Pressure necrosis near the tip of the long process of the incus of a cat, 4 weeks 
after replacement of the stapes by a teflon piston, (by courtesy of Broess 
and Knijpers). 
Although its etiology is still debated, cholesteatoma is the process most 
liable to damage the middle and even the inner ear. The extent of cho-
lesteatomatous disease may range from a small, still harmless choleste-
atoma, lodged in one of the compartments of the middle-ear formed by 
mucosal folds (Zuckerkandl, Proctor 1964), to a huge cholesteatoma, 
that has destroyed almost the whole petrous temporal bone and which 
may have caused dangerous intracranial complications. The damage to 
the ossicular chain may be restricted to a small area of pressure necrosis 
(the lenticular process being highly vulnerable to this type of patho-
logy), or be so extensive that no recognizable structure can be found. 
Perhaps even more distressing is the discovery of a small cholesteatoma 
hidden beneath or behind the ossicles, which has not yet affected their 
continuity, but cannot be removed without disrupting the chain. The 
surgeon is then left with the problem of either keeping the ossicular chain 
and so preserving the patients preoperative normal level of hearing or 
disrupting the chain to remove the disease with a reduced chance of 
restoring the hearing to the preoperative level. 
Also trauma, tumors, adhesive processes, congenital defects etc. may 
create situations which require reconstruction of the ossicular chain. All 
cases pose individual problems when functional surgery is considered, 
and therefore it is the surgeon who has to select which type of reconstruc-
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tion offers the best prospects in that particular case, and he should be 
familiar with the different techniques that are available. However, when 
his results are good using a certain type of operation and there is no clear 
evidence that another technique is superior, there is no reason to change. 
As distinct from surgery of the chronic ear, in otosclerosis surgical skill 
is more important than the type of prosthesis used. 
Because the problem of restoring hearing in chronic ear disease is complex 
and far from being settled, we shall only review the general trends of 
therapy as they are developing today. 
The types of reconstruction to be considered in conductive type hearing 
losses due to ossicular chain defects, apart from those of otosclerosis and 
congenital stapes fixation, can generally be divided into two groups. The 
first comprises those operations in which a sound transformer mechanism 
cannot be achieved and the hearing loss can only be alleviated by creating 
a phase difference between the two windows. The Wullstein type IV, in 
which there is protection of the round window, the sonoinversion system 
with protection of the oval window (Garcia-Ibanez 1961), and the 
type V, which is similar to the classical fenestration operation, belong 
to this category ( fig. b. ). The loas of amplification occurring as a result 
of total tympanic membrane and ossicular chain loss produces in the 
most favourable cases - when a phase difference between the two 
Hearing without soundpressurc transformer mechanism. Type IV: Cavum minor 
technique, Type V: Fenestration of the lateral semicircular canal, 
(after Wullstein). 
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windows exists — a residual air-bone gap of 25 db. With improvement 
in techniques the need for this type of reconstruction becomes less. 
In the second group, re-establishment of a modified ossicular chain 
is pursued. Usually this means a new connection between the drum mem-
brane and the oval window, and in occasional cases between the drum 
membrane and the round window. These reconstructions belong to the 
clinical type II and III tympanoplasties (fig. c.) and are based on a 
Hearing with modified soundpressure transformer mechanism. Type I I : drum 
membrane or graft connection with incus or its substitute, Type I I I : drum mem-
brane or graft directly on head of the stapes or columella. Lever-action eliminated, 
(after Wullstein). 
columella effect (Zöllner). Theoretically, the columella technique pro-
duces a hearing result less than normal, largely because the lever-action 
of the incus is missing; this is relatively of minor importance and may 
be barely measurable In an experimental work by Elbrond and Elpern 
( 1965, 1966) on human temporal bones, the columella effect of artificial 
and incus prostheses was studied and they found a not negligible loss of 
transmission in the high frequencies (1000-4000 Hz). When there was 
only minimal contact between prosthesis and malleus, the high tone loss 
disappeared entirely. Andersen et al. (1962) also found a relative high-
tone depression when the columella technique was used. 
The most natural type of columella to be used is the stapes when 
present, as advocated by Juers (1954) in myringo-stapediopexy. When 
technically possible it functions very well, but it is frequently impossible 
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to lay the drumhead or transplant on to a deeply lying stapes head. Spon-
taneous type III tympanoplasty is a very common finding in cars which 
have healed following otitis media, no surgical intervention having been 
carried out; usually, there is only a slight depression of hearing in these 
cases. 
Apart from the technical difficulties mentioned, Portmann ( 1963 ) 
concluded from experimental work done on cats that a type II tym-
panoplasty, in which lengthening of the stapes head is obtained, produces 
better sound transmission than the type I I I ; he attributes this effect to 
loading of the stapes. This is not substantiated by the work of Andersen 
et al. (1962), who concluded that loading of the stapes plays no im-
portant role. 
In general, to create a columcllar type of reconstruction the choice has 
to be made between the use of synthetic or organic materials. 
The first to use synthetic material in the middle-ear was Wullstein 
(1952). He made a columella of Palavit which was placed between 
drumhead and footplate. Greatly encouraged by the excellent results of 
artificial stapes prostheses in otosclerosis-surgery, many new types of 
columellae have been designed for reconstruction of the ossicular chain. 
They are usually made of polythene or teflon material which is well 
tolerated and elicits little tissue reaction. 
Goldman et al. (1963) described the reaction of the middle-ear of 
cats to several kinds of prosthetic material. They found that teflon 
elicited less reaction in the middle-ear than polythene and a stainless 
steel wire caused hardly any reaction. They suggested that the extent 
of surface contact between prosthesis and the host tissue played an im-
portant role in the intensity of the reaction. Although teflon is capable 
of producing tumors in rats when used in large pieces buried in muscle, 
no such reaction has ever been seen to follow the use of teflon or poly-
thene in the middle-ear (Hohmann 1964). Koide (1965) found that 
polythene elicits much more reaction in inflamed ears than in normal 
ones. He, therefore, advocated the use of autologous tissue for chain 
reconstruction. 
The use of an artificial umbrella as designed by Austin and Smyth 
(1964), which is placed between the drum membrane and footplate 
(fig. d.) or head of the stapes, has proved to be most disappointing. Their 
greatest advantage surely lay in that they could be trimmed to various 
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sizes and each modified to the local situation. It is the site of direct 
contact of these prostheses with the drumhead which is the crucial point. 
As it is not possible to determine the level to which a drum membrane 
Type I I I reconstruction with artificial columella (Austin). 
will retract after tympanoplasty, it seems impossible to choose exactly the 
right length; later it may become too short and non-function, or too long 
and cause pressure necrosis of the tympanic membrane. It is now known 
that a great percentage of these prostheses are extruded at a later date 
(Guilford 1964, Sheehy 1965, Broekman 1965, Hildyard 1967, Smyth 
1967, Portmann 1967), and their clinical usefulness becomes less and 
less. Sometimes, extrusion of a prosthesis, that had been placed on the 
head of the stapes, is followed by a spontaneous type III with an excellent 
hearing result. 
Plester ( 1964 ) uses a stainless steel wire columella to which connective 
tissue is attached at the end in order to assure a better contact between 
host tissue and prosthesis. It seems that there is a reduced rate of extru-
sion of the prosthesis when used in this manner. Waltner's dumbbell 
tympanoplasty (1966b) is based on the same principle. 
An entirely different situation is created when it is possible to connect 
the handle of the malleus directly to the stapes head, crus or footplate, 
for direct contact between prosthesis and drum membrane is avoided. 
Such a connection can be obtained by using a stainless steel wire ( Plester 
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1964, Dccroix 1966, Sheetn 1965), a platinum or gold wire (Mchmke 
1966), the teflon "clothes pin" prosthesis designed by Smyth (1964), or 
the incus replacement prosthesis such as the stainless steel prosthesis of 
Robinson. Extrusion of these prostheses does not seem to occur. 
Wullstein in the early fifties proposed the use of autologous material 
viz. cortical bone chips for chain reconstruction. These can be obtained 
from the mastoid bone with a chisel and then shaped into a columella. 
Later, he abandoned the method because of the doubtful vitality of the 
implanted pieces of bone. Zöllner ( 1960 ) described a similar technique ; 
he used a burr to make a Y-shaped rod of the mastoid bone. This rod 
can easily be placed between the footplate and handle of the malleus 
so that the handle rests in the fork. He, too, had doubt that this would 
continue to survive in the middle-ear. Bauer (1966, 1967) described his 
experience with pieces of cortical bone normally obtained from the bony 
meatal wall. He compared the results of those ears where the stapes was 
still present and only needed lengthening with those where the stapedial 
crura were absent and an entire columella had to be made. The results 
of the first group were slightly better with a residual air-bone gap 
averaging 5,6 db v. 8,8 db with a complete columella. The nutrition of 
these bony columellae may be enhanced by placing an inverted vein 
taken from the hand around it; this method reputedly promotes vascu-
larization of the graft (Marquet 1966). Guilford (1966b) reported his 
experience with "cortical incudes" fashioned from the cortex of the skull, 
superior and posterior to the pinna, using a cutting burr. When this 
prosthesis was placed between malleus and head of the stapes he obtained 
a closure of the air-bone gap within 20 db in 50% of his cases. But 
essentially no one knows the final fate of these transplants. 
In an experimental study, Beck and Franz (1961) studied the fate 
of cortical chips transplanted into the bullae of 26 guinea pigs. After 
3 months, the autografted chips showed complete revitalization of the 
bone through a bony connection which developed between the bulla wall 
and the chip. Sometimes, the diameter of the bone chip was increased 
twofold. The homologous chips at first showed bone deposition, but later 
they observed that the bone chips were resorbed, wide lacunes and 
osteoclastic activity being seen. After 143 da) s one of the chips was 
reduced to a small size. Müsebeck and Falck (1963) transplanted bone 
spicules between drumhead and ossicular chain in the middle-ears of 
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rabbits and saw partial resorption and partial formation of new bone; 
there was no difference whether or not the material used was autologous 
or homologous. The greatest bone formation occurred along the axis of 
sound conduction and they suggest that sound might have a stimulatorv 
effect on the bone formation. 
As cartilage is readily available in the neighbourhood of the ear, it has 
often been used with very good results in reconstructive ear surgery 
(Heermann, Jansen а.о.). Cartilage is relatively resistant to temporary 
anoxia and can be kept outside the body for a period of time without 
losing its vitality. Kept at 4° С one can still find evidence of radio­
active sulphur uptake in the chondrocytes after a few weeks, a sign of 
active metabolism (Curran and Gibson 1956). To use dead cartilage in 
the body is not advisable, for at first it lies as a completely inert mass in 
the wound, then after two years signs of resorption are seen, which 
may eventually lead to total disappearance of the implanted material 
( Gibson 1965 ). This behaviour so far has never been seen to happen to 
cartilage that was implanted into the middle-ear. 
It is also possible to use cartilage as a homologous transplant when 
the perichondrium has been removed. Because of the absence of direct 
cell contact between donor and host, no transplantation-reaction is seen. 
The transplant remains alive in the host, and later the donor chondro­
cytes can still be traced in the transplant (Peer 1958) Of course it is 
necevsary that vital transplants should be used to ascertain the vitality 
of the graft. 
In the middle-ear, cartilage taken from the auricle or nasal septum 
has been used as autologous stapes prosthesis (Jansen 1962, Heermann 
1962, Pfalt/ 1966) or as a columella (fig е.), sometimes combined 
with a cartilaginous bridge to support the drumhead (Utech 1960, 1961, 
Jansen 1963, Venker 1968). Jansen (1963), using septal cartilage as 
stapes prosthesis, obtained a closure of the air-bone gap within 5 db in 
90% of his cases. Resorption of cartilage in the middle-ear has not been 
seen within a maximal follow-up period of two years (Utech 1960). In 
none of these reports has the vitality of the cartilage transplant been 
considered as an important point of the reconstructive operation. 
M. Coyle Shea ( 1967) demonstrated normal vitality in a piece of auto­
logous tragal cartilage removed from the middle-ear one year after its 
use as ossicular prosthesis. His results with this type of graft are very en-
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couraging. Broekman (1965) and Waltner (1966a) also favor the use 
of tragal cartilage in reconstruction of the middle-ear chain. 
Homologous cartilage of the nasal septum stored in absolute alcohol 
has been used by Smyth ( 1967) with good results. 
Cartilage columella (Utech) 
In an experimental study Guilford et al. (1966c) transplanted rib 
and ear cartilage to the bullae of dogs and they saw no histologic changes 
in the transplanted cartilage up to eight months after the procedure. In 
view of this experimental work, the ready availability of cartilaginous 
tissue within the operating field and its rather unique properties of 
nutrition have proved it to be very suitable for ossicular chain recon-
struction. 
Transplants of ear ossicles have also been used and seem to be be-
coming more and more popular. In 1955 Zöllner advocated transposition 
of the incus to renew contact between stapes head and handle of the mal-
leus when the long process of the incus was missing. He stressed the 
importance of leaving the incus fixed with its natural attachments in the 
posterior incudal fossa, for otherwise it might react as a bone chip suf-
fering impaired vitality or becoming fixed to the surrounding structures. 
Hall and Rytzner in 1957 reported their first experience with free 
autotransplanted incudes and mallei in cases of otosclerosis and chronic 
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ear disease. After removal of the footplate an ossicular columella was 
placed in the oval window (fig. f.). In a later report (1960), they 
described the histological findings in three transposed ossicles that had 
been removed between 10 months to nearly three years after the original 
Fig- f. 
Transposition of the incus with its short process into the oval window, 
(Hall and Rytzncr). 
operation. The re-exploration was done because of insufficient hearing 
gain. They found in the transplant a somewhat reduced staining power 
of the osteocyte nuclei, a minor reduction of the calcified matrix, but a 
well preserved vital connective tissue. The marrow spaces seemed to be 
wider than normal. In one of the ossicles there were areas of creeping 
substitution of bone. Though the exact vitality of these ossicles cannot 
be estimated from the above information, it is clear that the gross struc-
ture was retained and no sign of active bone resorption was found. Since 
then a renewed interest in ossicular transplants has led to several reports 
on techniques using autologous ossicles in whole or part, though in the 
case of total stapedectomy this method was abandoned. 
Beilud et al. ( 1966) studied microscopic changes in the incus removed 
from ears with chronic otitis and issued a warning concerning their use. 
They found areas of necrosis and occasionally areas of osteomyelitis with 
osteoclasts. They postulate that the use of these consistently diseased 
ossicles for repair of the ossicular chain in tympanoplasty is therefore 
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an unreliable method. Jongkees (1957) already stressed that failures 
to stop discharge in an ear might he due to osteitis in the ossicles, even 
when the mastoid was free from disease. 
Incus repositioned on the head of the stapes. The short process rests against the 
handle of the malleus, (after Guilford). 
Guilford (1964, 1965) reported his experience with repositioning the 
incus; a small hole was drilled into its body and it was placed on the 
head of the stapes (fig. g.). He obtained good functional results in 85.6% 
of 28 cases. To ensure its vitality, he sometimes buries the ossicle in the 
wound as a first procedure and transplants it later. 
Farrior (1960), Steffen (1964), Sheehy (1965), Chandler (1965), 
Bauer (1967), Wehrs ( 1967), Szpunar (1967), Bozzi (1968) and others 
have reported their experience with transposed or repositioned ossicles 
in tympanoplasties and all consider this method as one of the most 
valuable. 
The malleus can be used in a similar way and its application has been 
advocated by Bell ( 1958), who speaks of tympanomalleolar stapedopexy 
and by Miodonski (1957) and Rubinstein (1962, 1964), who speak of 
malleolo-stapcdial transposition. Ombredanne (1966) has described the 
use of the malleus in congenital stapes or incus defects. 
Repositioning of an autologous incus in its natural position was ap-
parently first done by Schuknecht (cited by Paparella 1967) in cases of 
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facial nerve decompression. Having removed the incus in order to have 
access to the horizontal part of the nerve, he placed the incus back in its 
natural position. The hearing was not affected. 
Buckingham et al. (1962) also described the technique of autologous 
incus repositioning when doing a "cholcsteatomectomy". In the two 
cases described the hearing result was very good. 
Also, in cases of trauma a dislocated ossicle can be replaced in its 
normal position. Obviously this "natural" reconstruction of the chain 
has all the functional advantages of the normal ear. 
However, when no ossicles or remnants of them are available for 
reconstruction, other sources of ossicles have to be found. The use of 
homologous ossicular grafts was first described by Portmann et al. ( 1959) 
in an experimental study on stapedial substitutes in rabbits. They 
concluded that the vitalitv of the graft depended on the preservation 
technique. Frozen transplants were resorbed, but those kept in glycerol 
showed no alterations (Portmann et al. 1962). 
Pulec et al. (1966) and Smyth et al. (1967) have recently described 
the application of homologous incudes used as transposed ossicles. Smyth 
obtained the incudes from cadavers and stored them in absolute alcohol. 
The audiological results in his cases with this type of reconstruction were 
slightly less than with cartilage homografts (66 v. 7 1 % closure of air-
bone gap), but much better than with the polythene strut used previously. 
No adverse reactions were found in the middle-ear at reoperation in 
one of the cases. Pulec obtained much the same results. 
Jovanovic ( 1966 ) reported the use of homograft incudes in the 
middle-ear placed in their original position. In 10 patients he used a 
homologous incus attaching it to the malleus with cement and to the 
stapes with a polythene tube. The hearing results were very poor. House 
(1966) also reported his experience with 28 incus homografts used in 
different situations in the middle-ear. Of the ten followed cases one 
incus was extruded, possibly because of a malfunctioning Eustachian 
tube. The other grafted incudes were well tolerated, though only three 
cases had a satisfactory hearing improvement. The homograft incudes 
were obtained from patients, who underwent translabyrinthine removal 
of an acoustic neurinoma, and they were stored in 70% ethyl alcohol. 
Before the operation the incus was thoroughly rinsed in saline. Though 
resorption of such an ossicle has never been seen, its microscopic vitality is 
debatable. 
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Hildyard (1967) reported on the use of homograft incudes, which 
had been autoclaved at 400° F for 30 minutes, for several types of 
reconstruction in 33 patients. No adverse reactions were found and 
serviceable hearing (< 30 db) was obtained in 20 patients. Histological 
examination of one homograft showed no vitality of the graft; even the 
marrow spaces were empty. No signs of resorption have been found by 
him. 
Transplanted human ossicles, removed because of insufficient hearing 
results, have also been studied histologically by Kley (1965), Linthicum 
(1966) and Pulce (1966). No essential difference is found between the 
behaviour of the autologous or homologous material (Linthicum). Pulec 
and Linthicum found viable connective tissue and blood vessels in the 
marrow spaces, but no living osteocytes in the lacunae of homografted 
ossicles. Kley found normally staining osteocytes in the lacunae of nine 
autotransplanted ossicles. These two groups, however, are hard to com-
pare because the homografts had been stored for some time in alcohol, 
while the autotransplants had been used directly. 
Stengl ( 1964) transposed the incus in three primate and five cat ears. 
Microscopic studies of the ossicles, varying from two weeks to nine months 
after the operation, show considerable restructuring of the incus, starting 
on the outer surface. The microscopic appearance of sections of the 
incus of the longest surviving primate was nearly normal, the periosteum 
is said to have survived the operation. Similar experiments have been 
done by Wilson et al. ( 1966) on cats, using homograft incudes which had 
been kept in alcohol 70% and were replaced in their anatomical position. 
They also find extensive remodelling of the homograft incus. These histo-
logical findings are not confirmed in human homograft incudes (Linthi-
cum 1966, Pulce 1966). 
Guilford (1966 a) repositioned the incus in six ears of four dogs, and 
saw firm connections between the ossicles. When glue was used no 
attachment was found and disintegration of the ossicles followed. Their 
vitality was doubtful. 
In a recent study in cats, Benitez et al. (1967, 1968) confirmed the 
histological findings of Wilson et a l , and additionally they measured 
the hearing by conditioned behaviour. In only one of the seven cats was 
the hearing result satisfactory. The main cause of failure was the develop-
ment of a bony connection between the incus and the middle-ear wall 
at the site where the middle-ear had been entered during the operation. It 
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might be that the most important source of bone for remodelling of the 
incus is the host bone from the epitympanic region, which had to be 
excavated to gain access to the middle-ear, for postoperatively bony 
adhesions with the graft had developed at this site. Smith and Overton 
(1968) in similar experiment-» obtained much the same results, and abo 
found bony adhesions in the attic caused by the operative trauma. 
For the moment we can conclude that there is no apparent difference 
in behaviour between autologous and denatured homologous ossicles used 
for reconstruction of the ossicular chain; up to the present no adverse 
effect has followed the use of stored homograft ossicles. Still their eventual 
fate and function is unknown, and at present there is little evidence that 
an incus or other ossicle transplant, when placed in its anatomical posi­
tion, will function well. More work has yet to be done if eventually a 
permanent anatomical reconstruction of the ossicular chain is to be 
obtained. 
In 1965 we started incus transplantation operations on animals. At 
that time little work had been done on ossicle transplants in the middle-
car; the reports that have appeared чпес arc often vague and contra­
dictory, only indicating the complexity of the problem. For our experi­
ments we have chosen the rat as it is cheap, readilv available, and its 
middle-car is very suitable for surgery when compared to that of cats, 
guinea pigs and mice. Many other experimentators have used rats for 
bone transplantation experiments and therefore this study can readily be 
compared with them. Wc have restricted this study to experiments on 
the incus so that the number of variables in the different experiments 
would be limited as far as possible. In all ears, the incus was removed 
and transplanted to the normal anatomical site of the same or another 
animal. Postoperatively, the middle-ears were studied histologically at 
survival times varving from 1 day to two years. We have also tried to 
obtain a record of the postoperative hearing level by measuring the 
cochlear microphonic potential. Though some useful information was 
obtained, the results were unreliable and these trials interfered so much 
with the requirements of the histological studies that these audiological 
measurements were abandoned. 
When using the word transplantation for these types of operation we 
are well aware of the problems and dangers which should be taken into 
account It must be emphasized that we can only speak of transplantation 
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in the true sense of the word when vital cells are carried over. Conse­
quently, we should study and accept the findings regarding cell survival, 
transplantation reaction and immunity. 
As transplantation of ear ossicles is not a vital issue to the patients, all 
risks should be avoided. The ear ossicles, which have been used as homo-
grafts in man so far, have all been stored in alcohol. Whether or not this 
is a sufficient guarantee to eliminate the above mentioned dangers is 
unknown. In any case it is better to speak of these as implantations rather 
than transplantations, for no viable cells are transmitted. 
The aim of this study has been to clarify histologically the behaviour 
of incus transplants and implants in the middle-ear of rats. Since previous 
findings have suggested that the reaction of the middle-ear to transplants 
and implants might be different from what generally occurs in other body 
sites, the question arises if the middle-ear is another of those privileged 
sites, like for instance the cheek pouch of the hamster, where the ensuing 
tissue reactions of transplantations are reduced. Other questions may also 
arbe, for example, is vitality of an ossicle necessary or even desirable? 
As soon as it became clear in our experiments that the tissue reaction 
of the middle-car was different from that in other body tissues we started 
a further series of experiments in which incudes were placed in muscles. 
By comparing the results of these two sets of experiments, we hoped to 
ргол e that it was not the incus which reacted differently, but the middle-
ear. The materials and methods of these experiments can be found in 
Chapter II . The results of the histological studies arc described in Chap­
ter I I I . The significance of the results are discussed in the final chapter. 
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CHAPTER II 
INCUS GRAFTS IN RATS; MATERIALS AND METHODS 
All operations have been performed on young adult rats, weighing 
between 170 and 200 gram. Wistar rats were used for the autologous 
series and Wistar, Gunn * and Tolman Tryon rats were used for the 
homologous series. In most cases only the left ear was operated upon, 
the right serving as control. 
Operative procedure: The rats were anaesthetized with sodium pento-
barbital (Nembutal) 15 mg/kg body-weight intraperitoneally. A supra-
auricular skin incision was made and the subcutaneous muscles were 
separated from the external auditory meatus until the bony annulus 
tympanicus was reached. Care was taken not to perforate the skin of the 
external meatus. The further operative procedure was performed using 
a Zeiss operating microscope. With a small sharp hook the superior part 
of the drumhead (Shrapnell·? membrane) and the fibrous annulus were 
lifted from the bony annulus and retracted. This approach gives a full 
view of the ossicular chain without damage to the external and middle-
car structures Initially, it seemed necessary to remove small parts of the 
bony annulus to have enough access for manipulations in the middle-
ear, but with a slight modification in positioning of the head, this could 
be avoided. 
Fig. h. shows the normal position of the head of the animal during 
operation and shows the view into the middle-ear, after reflection of the 
drum membrane. 
Using a small sharp hook the incus was loosened from stapes and 
malleus, and also from the middle-ear wall to which its processus brevis 
is fixed by a fibrous ligament. When loosening the incus, its lenticular 
process sometimes remained attached to the stapes head and could not 
* The Gunn rat is a pigmented mutant of the wistar. 
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be repositioned or transplanted. On occasions, even though the lenticular 
process remained attached to the incus, its normal relation to the 
remainder of the incus was often altered, particularly if denatured; conse-
quently, contact with the stapes after transplantation or repositioning 
Fig. h. 
Position of the head during operation and view into the middle-ear after 
reflecting the superior part of the drumhead. 
was not always the same or equally satisfactory. The contact between 
malleus and incus was always good and the capillary action exerted by 
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the saddle-formed joint surfaces ensured the connection between these 
two ossicles. No other means of fixation was needed to keep the incus in 
position. 
In the autologous orthotopic transplantations the incus was repositioned 
immediately after its removal, unless otherwise indicated. As will be 
shown, the time factor is rather critical with regard to the later vitality 
of the transplanted ossicle. 
For the autologous heterotopic transplantations in muscle, a 1 mm 
deep longitudinal slit was made in the musculus tibialis anterior and the 
incus once loosened was immediately transplanted to the receptor site. 
In the homologous experiments the same procedure was followed, but 
the incudes were exchanged between two strains of rats. 
Otitis media has been a frequent finding in the two strains of pig-
mented rats used for the homologous experiments. The Wistar rats, 
mostly free of otitis at the young adult age, also show an increasing 
incidence of otitis media in the older age groups. Because otitis media 
has been found in a high percentage of our longest surviving rats we 
have included them in our studies. There seemed to be no connection 
between its presence and the procedure followed, as the control ears 
showed the same frequency of disease. 
In the experiments, in which denatured incudes have been used, dena-
turation consisted either of boiling the incus for five minutes in distilled 
water or storing it for 48 hours in 70% alcohol. Alcohol denaturation 
was only used in homologous transplantations. The denatured incudes 
were thoroughly rinsed in saline to remove any traces of alcohol before 
transplantation. 
In another series of experiments, the incus was not transplanted im-
mediately, but left in the atmosphere for a variable period of time which 
never exceeded 40 minutes. Depriving bone cells of nutrition for more 
than a few minutes leads to total cell death This group of experiments 
is considered together with the denatured grafts. 
After completing the incus repositioning or transplantation, the drum 
membrane and meatal skin were replaced and the rctroauricular incision 
sutured. When muscle was the receptor site, the incision in the leg was 
also sutured. Postoperatively each animal received 30.000 LU. penicillin 
i.m. (Mycofarm) daily for three days. 
The animals were sacrificed after varving survival times, the shortest 
being one day, the longest more than two years. 
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Fig. 1. 
Normal incudo-malleolar 
joint. 
D M = Drum membrane 
LP = Lenticular process 
FN = Facial nerve 
St = Stapes 
MA = Malleus 
In = Incus 
Hematoxylin-eosin 60 x. 
Fig. 2. 
Incus with incudo-stape-
dial joint and lenticular 
process. 
Hematoxylin-eosin 60 x. 
Histological techniques: The middle-ear and cochlea were dissected 
and fixed in neutralized formalin during 48 hours. The specimens were 
decalcified in a solution of ethylene-diamine-tetra-acetic acid (10% 
PH 7.0) for 14-18 days, then washed in tap water, dehydrated in graded 
alcohols, cleared in methyl benzoate with 2c/( LVCN *, embedded in 
paraffin and serially sectioned (7 H·). From each three adjacent sections 
one was stained with hematoxylin-eosin, one with methylgreen-pyronin 
(Pearse 1961) and one with alcianblue-neutralred (Pearse 1961). 
The gross anatomy of the ossicular chain of rats resembles that of all 
mammals including man. The most apparent difference in shape is found 
* Low viscosity nitrocellulose I.C.I. 
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at the neck of the malleus, which is much longer and relatively thinner 
as in all rodents. The incus and stapes show no characteristic differences. 
The stapedial artery, which does not obliterate in rats, fills the entire 
space between the stapedial crura, so making surgical intervention on 
the stapes impossible. 
The histological sections were cut parallel to the long axis of the incus 
and in fig. 1 and 2 characteristic pictures of two sections through a 
normal incus are shown. The mucoperiosteum of the ossicular chain is 
very thin and is composed of only two cell layers. 
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CHAPTER III 
RESULTS OF INCUS GRAFTS IN THE MIDDLE-EAR 
A. A u t o g r a f t s 
This group comprises 34 rats. The incus was taken out of the middle-
car and immediately replaced in its original position. The survival time 
in this group varied from one day to two years. In table I a general 
survey is ghen of the survival times together with some data on the 
histological findings. No adverse reactions from the operation have been 
noted. 
The reaction of the drum membrane to the operative trauma was 
nonspecific and the healing properties of the membrane remained very 
good, even though at times a traumatic perforation was inevitable. At 
the annulus tympanicus, where Shrapnells membrane was detached, 
granulation tissue formed within 48 hours. The upper part of the mem-
brane, showed a marked edema with invasion of mesenchymal cells and 
polymorphonuclear leucocytes. These traumatic inflammatory pheno-
mena subsided within one week and the drum membrane regained its 
normal structure within two to three weeks when no infection was present. 
However, an increased fibrosis at the epitympanic annulus marked the 
operative site. 
When otitis media supervened, the signs of this inflammation could 
still be recognized in the drum membrane at a later date. The presence 
of inflammatory disease gave us an opportunity to study the behaviour of 
the transplants within the middle-ear under pathological circumstances. 
The chronic otitis media was often of the adhesive type; the drum mem-
brane was retracted onto the incus, forming a natural type II, (fig. 6) . 
Permanent perforations of the drum membrane have not been observed 
in the many slides that have been studied, although no systematic search 
for them was undertaken. 
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The first day after operation the middle-ear cleft is filled by a fibrinous 
exudate with trapped erythrocytes. During the first three days post-
operatively, the middle-ear cavity is increasingly invaded by polymor-
phonuclear leucocytes, lymphocytes and mononuclear cells. The latter 
are phagocytic and clear away the red bloodcells. After two weeks, the 
t) mpanum is empt\ and well aerated, provided no inflammation occun ed. 
When otitis is judged chronic largely on the basis of a lymphocytic 
infiltration and the presence of extensive adhesions, it was found in 6 of 
the 34 rats which received an autograft; four of these were in the elder 
age group, which had sun ived for more than one year. 
The mucosa lining the middle-ear space, shows an active reaction con-
sisting of a marked thickening of the normally very thin mucopcriosteal 
layer and invasion by bloodcells and strongly pyroninophilic mesenchy-
mal cells after 24-48 hours. This inflammation is most marked in the 
cpitympanic region and over the promontory. Autoradiographs, made 
after an intraperitoneal injection of H3-thymidine one hour prior to 
death, showed many labelled cells in the muco-a and connective tissue 
one to two da\s after incus repositioning. This general reaction of the 
middle-ear mucosa subsides gradually during the next fortnight. 
Although at operation the mucosa was traumatized as little as possible, 
there were three locations where the middle-ear mucosa was inevitably 
traumatized, namely, at the site of the incudal attachment by its posterior 
ligament, also in the epitympanum where the superior malleolar liga-
ment is often partly attached to the incus, and where the drum mem-
brane adheres to the middle-ear wall in the annulus tympanicus. From 
these injury sites, thick strands of >oung cells and bloodvessels actively 
grow towards the ossicular chain within 48 hours. Usually, another 
adhesion arises from the promontory in the vicinity of the incudo-stape-
dial joint, where the mucosa may be traumatized when disarticulating 
the incus from the stapes. 
The amount of adhesions which are finally present is variable, and in 
the absence of ear-infection they are restricted to one or two sites. During 
the first month postoperatively, all of the middle-ear adhesions quickly 
become thinner to consist only of two or three layers of cells. If the mucosa 
is not injured, although the incus may lie against the promontory, no 
bony connections develop. In only one of our cases was a bony connection 
with the middle-ear wall observed (A 10). 
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Fig. 3. 
3-day autograft. Good con­
tact incudo-stapcdial joint. 
Thickening of mucoperio-
steal membrane which 
forms a continuous cover. 
High cellular activity be­
tween tip of long and len­
ticular process. 
Hcmatoxylin-eosin 
9 0 x ( Λ 4 ) . f .s«*- . ¿ »«i 'F *·•· 
i#S^_« . • '<• V i t JkjJt.- • Ί jf ' 
Fig. 4. 
4-week autograft. Empty 
osteocyte lacunae in center 
of processus longus. New 
bone is formed around the 
incus. 
Hematoxylin-cosin 
9 0 x (Λ 17). 
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Fig. 5. 
9-week autograft. Incudo-
mallcolar joint space filled 
with fibrocartilaginous tis­
sue. Some bone deposition 
around the incus, but cen­
tral part of corpus dead. 
Hematoxylin-eosin 
9 0 x (A 20). 
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The reaction of the mucopcriosteum covering the malleus and stapes 
is similar to that of the mucopcriosteum lining the middle-ear. Within 
48 hours after repositioning the entire incus is covered by a membrane 
which consists of highly pyroninophilic cells and arises from the earlier 
mentioned locations in the middle-car wall, the stapes and the malleus 
(see fig. 3) . Gradual thinning of this mucoperiostcum to the original 
thickness of two very thin cell layers occurs during the next three weeks. 
The exact fate and role of the original mucopcriosteum of the incus is 
hard to determine from the histological slides. We have tried to label the 
cells of the mucoperiostcum of the ossicular chain preopcratively with 
H3-thymidine, but as there is so little mitotic activity under normal 
conditions this procedure failed to give positive results. It was impossible 
to determine whether or not the osteoblasts, which formed new bone, 
came from the original periosteum which covered the incus or from that 
covering the remainder of the ossicular chain. 
Incudo-malleolar joint: The contact between malleus and autografted 
incus was very good; no major dislocation was found. The joint space 
between incus and malleus is invaded by pyroninophilic cells together 
with bloodvessels which obliterate the joint space entirely, but do not 
affect the articular cartilage. Gradually these cells become organized and 
embedded in a collagcnic substance, finally resembling a fibrocartilagi-
nous tissue ( see fig. 5 ). This new tissue probably forms under inducing 
influences of the articular cartilage. In many of these cells there is a small 
lucid area around the nucleus giving it the typical appearance of a 
chondrocyte. In the sections stained by alcian blue it« intercellular sub-
stance is coloured homogenous light blue indicating a basophilia, no other 
specific characteristics were seen. The original articular cartilage could 
be seen to be separate from this new ankylosing substance. 
The vitality of tht articular cartilage seems to remain good, as judged 
by the excellent staining power of the chondrocytes and the absence of the 
degenerative changes in the nucleus. However, histological staining alone 
is not an absolutely certain method of determining vitality. 
The excellence of the contact between the repositioned long process 
of the incus and the stapes head depends on the presence and the position 
of the lenticular process. In general the contact was satisfactory. If at 
operation the lenticular process remains attached to the stapes, the con-
tact is excellent, but when the lenticular process remains attached to the 
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incus it is often easily displaced and it then becomes very difficult to fit it 
exactly onto the middle of the head of the stapes. Nevertheless, a firm 
contact is obtained in most cases and the repositioned incus should 
function well. Using the same criteria of vitality, similar conclusions were 
reached for the cartilage of the lenticular process as those described for 
the incudo-malleolar joint. 
The gross appearance of the incus remains the «ame, though minor 
areas of bone deposition may alter the shape slightly. Two important 
criteria have been useful in determining bone vitality. Firstly, the for-
mation of new bone around or in the incus which replaces the dead bone, 
and secondly the staining power of the ostcocytes with hematoxylin-eosin 
and methylgreen-pyronin. 
Except for minor and individual variations, the fate of the osteocytes 
in these fresh autografted incudes almost always follows a particular 
pattern. After one da\, little or no change in the microscopic structure 
of the bone is seen In the methylgreen-pyronin stain a few pyknotic 
nuclei are seen mainly in the central part of the incus. After three days, 
the osteocyte pyknosis becomes more extensive, but varies in extent from 
case to case and reaches its maximum after one week as demonstrated 
by the many empty osteocyte lacunae. The extent of osteocytic death is 
difficult to determine because signs of new bone formation are found 
before all the osteocytes could have disappeared. Only in one case, a seven 
day survival, a nearly total cell death in the incus was found. 
Signs of osteoblastic activity are first seen after three days. This activity 
is mainly seen in the periosteum of the long process, and after one 
week new regular lamellar bone forms on the outer surface of the 
incus; endosteal bone also forms within the marrow spaces, but this 
was never of any great importance. This osteogenesis around and in the 
incus increases during the first six weeks, after which the process slows 
and fails to replace all the dead bone in the incus Even after two years 
many empty osteoevte lacunae arc «een (see fig. 7). The extent of new 
bone formation cannot be predicted and \arics from one case to the 
other. 
In one case a normal vitality of the incus was found after three weeks 
(A 15). Total replacement by bone does not seem possible within such 
a short time and in this case there must have been a nearly total survival 
of the osteocytes in the transplanted incus. 
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The pattern of vitality and remodelling follows certain lines depending 
on the anatomical site within the incus ; the greatest vitality appears to be 
in its short process. Only partial cell death is seen, but it is impossible to 
determine when and where cell death stops and new bone formation 
occurs. After one week a nearly normal short process was seen (A 6) and 
after two weeks, in two of the cases, a normal short process was pre-
sent (AIO, A l l ) . In our three and four week survivals some empty 
osteocyte lacunae were still % isible, but from six weeks onwards the short 
process was entirely normal in all but three cases. This high degree of 
vitality within the short process is probably due to the fact that this is 
the only part of the incus that is directh connected to the tympanic wall. 
In one of the three day survivals the re-establishment of a normal connec-
tion between the short process and its ligament was observed. Two of the 
cases with reduced vitality occurred in two incudes which were repo-
sitioned after three minutes. 
The body of the incus shows the least degree of regeneration. Cell 
death is almost always nearly total after one week and only in a few 
cases arc signs of bone formation seen. In fig. 5 part of the corpus incudis 
is ^ o w n with only scattered living ostcocytes. In some cases deposition 
of lamellar bone may be present on the outer surfaces or endosteal bone 
formation within the marrow spaces. Examples of this latter type of 
bone formation are given in fig. 13, but this has been observed in less 
than half of our cases. K\ en after two years the greatest part of the corpus 
incudis shows no living osteocy tes. 
The long process shows active regeneration consisting of periosteal 
bone formation along the periphery. Generally the medial surface shows 
more activity than the lateral surface (fig. 4, 6, 8) . This deposition of 
lamellar bone can lead to nearly total remodelling of the long process 
within a short lime, but more frequently a lesser degree of remodelling 
occurs during a two year period. In most of our cases bone deposition 
was present and active bone resorption has never been observed. The 
long process, although retaining its gross structure, may become slightly 
thickened due to bone deposition. 
The lenticular process of the incus at its junction with the head of the 
ctapes is one of the most active sites of new bone formation. Osteoblastic 
activity is seen after three days, leading to bone deposits around the thin 
connection between the lenticular process and tip of the incus. After six 
weeks the new connection between incus and stapes is established and 
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Fig. 6. 
17-wcek autograft with 
nearly normal vitality of 
processus longus. Though 
the corpus seems vital, in 
other sections of the same 
specimen no living osteo-
cytes were present. 
Hematoxylin-eosin 
60 χ (A 24). 
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Fig. 7. 
69-weck autograft. In cen­
tral part of processus 
longus many empty osteo-
cytc lacunae. Good vitality 
around the joint, and new 
bone between tip of pro­
cessus longus and lenticu­
laris. 
Hematoxylin-eosin 
9 0 x ( A 3 3 ) . 
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Fig. 8. 
14-day autograft, after one 
hour in the wound. Al­
though vitality of incus is 
partly impaired, appositio-
nal growth of lamellar 
bone is present. 
Hematoxylin-eosin 
lOOx (Λ 11). 
contains only vital bone. The extent of the bone growth in this region 
varies greatly and seems to depend on the position of the lenticular 
process postoperatively. Exact repositioning was not always possible, in 
some cases it slipped to one side and consequently a greater gap between 
the two ossicles had to be bridged. In general, the autografted incudes 
showed a good connection with the stapes head. Only in Λ 12 was the 
lenticular process lost and no direct contact with the stapes made, but the 
survival time in this case was too short to reach any definite conclusion. 
One may speculate as to why new bone formation is so active in the 
region of the incudo-stapedial joint. The vascularity of this region, 
enhanced by almost constant adhesions around the stapes head, is un­
likely to be the only reason and it seems attractive to attribute some 
significance to constant microscopic vibrations of this part of the chain 
produced by sound. Some support for this suggestion is given by the 
experiments of Müsebeck and Falck, who saw new bone formation in 
bonechips in the direction of sound transmission. Besides this, active bone 
growth has been found by us starting from a lenticular process that had 
been left on the stapes while no incus had been repositioned. 
The marrow spaces take part in the endosteal bone formation seen in 
some of the incudes, but this source of new bone was always limited. In 
the first days after the operation the marrow spaces are invaded by young 
celli with pyroninophilic cytoplasm, erythrocytes and leucocytes. Later, 
in all the transplanted incudes connective tissue and bloodcells are 
observed in the marrow spaces, even in the regions where no living 
osteocytes are present in the bone. The change in size of these spaces, as 
mentioned sometimes in other reports, is very hard to judge because of 
the great individual variability in size found in the normal animals. 
In this group of 34 autografted incudes, 5 were replaced in situ after 
having been buried for one hour in the wound. As no essential difference 
from the immediately repositioned incudes as far as vitality and new bone 
formation is concerned was noted, they have been included in this group. 
In table I they have been marked separately (Ihw). In fig 8 the pro-
cessus longus of such an incus, repositioned after one hour in the wound, 
is demonstrated. There is partial cell death in the center and deposition 
of new bone on the medial surface. This finding suggests that the survival 
of cells and retention of osteogenic properties are entirely dependent on 
continued nutrition, which should be interrupted as little as possible. 
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In this group of fresh autografted incudes, otitis media has hern ob­
served in a few instances. In one (A 32) the inflammation was present 
at operation, in five others otitis was found when the animals were killed. 
The vitality of the incus in the first case was much less than in other rats 
with the same survival time, but in this same case the incus was repo­
sitioned after a delay of five minutes, which could abo account for the 
impaired vitality. In the other five no notable differences were =een in 
the incus, and in none of these six cases was any resorption of the re­
positioned incus found. 
We ma\ conclude that autografted incudes suffer a partial cell death 
during the first few days, but that even before this is finished regenerative 
processes consisting of mainh lamellar bone deposition along the long 
and short process of the incus have begun. The final result, following a 
maximal observation of two years, is that an intact ossicular chain 
with a living incus exists, although many empty lacunae may still 
be seen in its body. One of the reasons for incomplete remodelling 
of the incus may be that the periosteum with increasing age has reduced 
osteogenic properties. Confirmation of this view may be seen in the nu­
merous empty lacunae found during the stud\ of the ossicular chain and 
the labyrinthine capsule of normal rats more than one \ear old. 
Β. H о m о g г a f t s 
In 32 rats a homologous incus transplantation was performed by 
exchanging the incus between Wistar rats and rats of two pigmented 
strains. To maintain the nutrition of the graft as much as possible, the 
operation was done quickly, and the incus was left in the wound while 
the second incus was removed from the donor. No problems were met 
in repositioning, for the incudes of the adult rats of these strains were 
quite uniform in shape and size. 
These animals have been killed after intervals varying from one day 
up to over two years. No general reactions which could have been 
attributed to the transplantation have been observed. Preoperatively, 
otitis media was present in a higher percentage of the pigmented rats 
(Gunn and Tolman Tryon), and this accounts for a higher number 
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of chronic otitis media at the end of the observation period as compared 
to the other groups in which white rats have been used exclusively. 
Table II surveys the experiments and survival times of the homo-
graft group; the histological features are also noted. 
The sequels of the operation as seen in tympanum and drum mem­
brane are basically the same as those seen in the autografted group 
Λ tympanic blood effusion is still clearly visible after 24 hours, but after 
two days the erythrocytes have disappeared. A fibrinous exudate con­
taining many mesenchymal cells with highly pyroninophilic cytoplasm 
lies within the middle-ear space. During the first few days polymorpho­
nuclear leucocytes dominate, but after one week they are largely replaced 
by lymphocytes and other mononuclear cells. After two weeks the middle-
ear is well aerated and only scattered mononuclear cells are found. By 
this time the drum membrane has also regained its normal structure. 
In two exceptional cases, a six and a seven week survival (B 15, В 16), 
an accumulation of lymphocytes was found in the middle-ear without an 
other evidence of inflammation. Though this finding might be explained 
by some type of immunity reaction, this supposition has been discarded 
because no other differences in behaviour as compared with the auto­
graft group have been noted and these findings only concerned isolated 
cases. 
Chronic otitis was found in 10 rats of this group. Four of these had 
an otitis media before operation. Two others showed signs of an acute 
exacerbation of chronic otitis. In none of these infected rats was there 
any change of incudal behaviour as compared to the uninfected cars 
of this group. 
Mucoperiosteum of the ossicular chain: After two days, the incus is 
nearly completely covered by an active periosteal layer with highly pyro­
ninophilic cells. The periosteum of the malleus and stapes which takes 
part in the general inflammatory reaction grows towards the incus. The 
greatest activity of the periosteum is seen during the first two weeks, after 
which it gradually regains its normal structure. 
Observations made regarding the incudo-malleolar and incudo-
stapedial joint are the same as those found in the autograft group. The 
contact at both joints is surprisingly good (fig. 9, 10, 13). The same 
fibrocartilaginous material is found filling the joint space of the incudo-
42 
Fig. 9. 
2-day homograft. Incudo-
mallcolar joint with good 
adjustment. Pyknosis in 
the corpus inrudis. 
Methylgroon-pyronin 
9 0 x ( B 2 ) . 
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Fig. 10. 
1-week homograft. Bono 
deposition around incudo-
stapcdial joint. Active 
mucoperiosteal membrane 
with intramembranous os-
sification along the long 
process. 
Methylgreen-pyronin 
9 0 x ( B 5 ) . 
Fig. 11. 
2-week homograft. Par-
tially vital processus brevis 
with ligamentous attach-
ment to middle-ear wall. 
Hematoxylin-eosin 
200 χ ( B 6 ) . 
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malleolar joint in the later stages; no ossification is seen in this tissue. 
The articular cartilage «hows no change and is considered to contain 
li\ing cells. 
For the first two days, the \ itality of the osteocytes in the incus seems 
entirely normal. In the mcthy Igreen-pvronin stain a few pyknotic nuclei 
are seen, but not to any great extent (fig. 9) . In the three day survivals 
pyknosis of the o^teocyte nuclei in the incus is quite extensive, and it is 
in the center of the corpus that the osteocytcs disappear first. The greatest 
extent of osteocyte death is observed in the one and two week survivals. 
Once more, the degree of ostcocy tc death is variable and in one case the 
incus appeared to have a nearly normal vitality on the seventh day 
(fig. 10). As with the autografts it seems that certain osteocytes survive 
transplantation. Usually the osteocytes lying furthest from the periphery 
of the bone have the least chance of sun ival, and in the incus, as would 
be expected, this impaired \ itality is best seen in the corpus. 
The first evidence of osteoblastic activity is гесп in the three day 
survival and occurs mainly in the vicinity of the incudo-stapedial joint. 
The first true osteogenesis is seen after one week and is quite impressive 
(fig 10). In three of the four two week survivals bone deposits are found 
all around the incus, giving it a plump appearance, but it was never so 
thick as to reach the tympanic walls (fig. 12). Microscopically the new 
bone is different from the bone found in the autografts. In the latter 
group it consisted mainly of regular lamellar bone, whereas in the homo-
grafts the new bone is irregular with wide spaces in between filled with 
osteoblasts and bloodvessels. 
The lenticular process is also very active, showing bone deposition 
that fills the space between the long process and the stapes. In the short 
term survivals no difference was noticed between those cases in which 
the lenticular process was left on the stapes or when it was transplanted 
together with the incus. 
After six weeks the incus appears normal in shape, the irregular bone 
around its circumference has disappeared The long and short process 
of the incus are filled by living cells but in the corpus many empty la­
cunae are still present. Part of the new bone has been incorporated in 
the incus, its source is not known; it could arise from host cells in­
duced by the graft or from survh ing cells in the grafted bone. Centres 
of ossification arising in the marrow «paces are also found within the 
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Fig. 12. 
2-week homograft. Long 
process with slight dis-
placement of the lenticu-
lar process. Deposition of 
new bone. 
Hematoxylin-eosin 
9 0 x ( B 9 ) . 
Fig. 13. 
32-week homograft. Long 
process of the incus with 
greatly impaired vitality. 
A few centers of ossifica-
tion visible. 
Hematoxylin-eosin 
9 0 x ( B 2 2 ) . 
Fig. 14. 
100-week homograft. In-
cus with hardly any living 
osteocytcs, except around 
incudo-stapedial joint. Ad-
hesive type of otitis. 
Hematoxylin-eosin 
6 0 x ( B 3 0 ) . 
incus, but these centres are never numerous and do not give rise to much 
new bone (see fig. 13). 
In three specimens there has possibly been some resorption of bone. 
In two of these (B 16 and В 18) an occasional osteoclast has been found, 
but it should be remembered that osteoclasts can be a normal finding 
when bone is being remodelled. The significance of their presence could 
not be estimated, and they have been regarded as an incidental finding. 
Evidence exists that bone resorption can take place without the presence 
of osteoclasts and occurs through some osteolytic action of granulation 
tissue (Bourne 1956). Therefore, the problem of tracing signs of minor 
bone resorption remains. 
In the longer survivals, a varying amount of viable bone is seen and is 
maximal in extent by one year. After one year, osteogenesis has rarely 
been observed and the vitality of the incus becomes gradually less. At 
two years, living osteocytes are seen scattered throughout the incus, but 
the majority of osteocyte lacunae are empty. The degree of viability 
varies much from specimen to specimen, but is overall less than that seen 
in the autograft group (fig. 14). The formation of new bone is arrested 
earlier than in the autografts and we do not think this is solely due to the 
normal aging process. In our opinion, it may be the periosteum of the 
graft that is responsible for the osteogenesis observed, and this may 
be eventually arrested by some immunity reaction against the graft 
periosteum. Findings around the lenticular process give some further 
support to this view. In the autografts the region of the incudo-stapedial 
joint, whether the lenticular process had been left on the stapes or not, 
showed active signs of osteogenesis and vital bone throughout the obser­
vation time. In the homografts the same observation is made during the 
first year, but in the longer survivals the vitality of the bone of the lenti­
cular process was only normal in one case, in which the lenticular process 
was left on the stapes. When the lenticular process was transplanted 
together with the incus, its vitality became impaired. 
The marrow spaces are invaded by bloodcells and young capillaries 
during the first days. After one week nearly all marrow spaces are filled 
with connective tissue and erythrocytes, and these remain. Few osteo­
blasts are found in these spaces and signs of ossification starting here are 
uncommon. 
Summarizing, the homografted incudes behave similar to the auto-
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grafts in the middle-ears of rats. They are well tolerated by the recipient 
and no important evidence of resorption or rejection is seen. During the 
first few days the majority of the osteocytes dies, though some definitely 
survive. After one week new bone formation is observed around the incus, 
more irregular of shape and consistency than in the autografts. Although 
extensive during the first four weeks, signs of osteogenesis gradually be-
come less. After two years only scattered surviving osteocytes are found, 
but still there is no evidence of bone resorption. The lesser viability seen 
in the longer survivals might be due to a very slow rejection of the graft 
periosteum which seems the most likely source of osteogenesis. The small 
amount of long term survivals in these two groups makes any definite 
conclusion merely speculative. 
C. D e n a t u r e d g r a f t s 
In this group of 38 rats the incus was not replaced into the middle-
ear immediately. The incudes of 18 rats were boiled for 5 minutes in 
distilled water before respositioning them. Another 11 incudes were left 
exposed to the atmosphere of the laboratory for varying periods of time, 
and we will refer to them as dried grafts. The third group consisted of 
5 boiled homografts, and the fourth of four homograft incudes which 
were kept in alcohol during 48 hours. The word homograft is only used 
to indicate that these incudes were put back into the ear of an animal 
of different strain. 
Table III surveys this entire group of denatured grafts and includes 
the survival times and other relevant data. Behind the rat number of the 
dried grafts a figure is placed indicating the number of minutes the 
incus was left to the atmosphere. Though the behaviour of these different 
types of denatured grafts appeared to be very similar to each other within 
certain limits, it has been ascribed a separate evaluation. 
In general, the same reactions in the middle-ear arc observed as in 
the autografts. The drum and middle-car mucosa react with the same 
nonspecific traumatic reaction following surgery. This reaction is gene-
rally less extensive than in the autografts, but it is dangerous to draw 
any firm conclusions from the few short term survivals. After about two 
weeks, a basically normal mucosa is seen in those cars free of otitis. 
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Also in this group, the incidence of otitis media in the long survivals 
was quite high, but they have been included for they provide some in­
formation on the effect of inflammation on the denatured grafts. 
Boiled autografts 
The 18 rats of this group have been sacrificed at survival times from 
one day to two \ ears. In all cases the incus was well tolerated as would be 
expected. Through boiling total cell death is produced in the bone, 
cartilage and periosteum of the incus. 
After two days, the entire incus is surrounded by pyroninophilic cells 
which have grown around the incus from the mucoperiosteum of malleus 
and stapes and from the middle-ear mucosa. They form broad adhesions 
filled with bloodvessels and mesenchymal cells. These become very 
slender within two weeks, and later only a few very thin adhesions are 
found. 
The microscopic structure of the incus, studied in the H.E. stain, 
suffers \ст\ little changes during the first week. Although all cells must 
be dead from boiling, this cannot be detected by the H.E. stain. The 
mcth\lgreen-py ronin stain which colours the cell nuclei red instead of 
blue gives more information. This rather striking difference has been 
demonstrated in an earlier report (1967) and has made the interpreta­
tion of findings much easier. 
The contact of the ossicles at the incudo-malleolar joint is generally 
not as good as in the autografts. The slight deformation of the incus 
produced by boiling accounts for a slightly less satisfactory contact. 
Nevertheless, the periosteal cells from malleus bridge the dehiscence 
quite quickly, and the mucoperiosteum holds the ossicles in position. The 
joint space, which may be larger than in the vital grafts, is invaded by 
p\roninophilic cells and soon obliterates (fig 16). The same fibrocarti­
laginous substance obliterates the joint space in later stages. The chon­
drocytes of the articular cartilage remain but their nuclei are coloured 
red with methylgreen-pyronin. Some chondrocyte nuclei may disappear 
later, but the main mass of cartilage remains intact and does not show 
any signs of lysis. 
The contact obtained between stapes head and long process of the 
incus is usually good, and is reinforced within 48 hours by a mucosal 
adhesion. Λ firm union, however, depends very much on the presence 
and vitality of the lenticular process. Three different situations have 
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Fig. 15. 
1-day boiled autograft. 
Dead but staining osteo-
cytcs. Formation of "pe­
riosteal" cover around in­
cus. Blood cells penetra­
ting into marrow space. 
Methylgreen-py ronin 
250 χ (С 2 ) . 
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Fig. 16. 
2-week boiled autografi. 
Incudo-malleolar joint. All 
osteocyte lacunae are emp­
ty. T h e chondrocytes of 
the articular cartilage are 
still present. Firm adher­
ence of both ossicles. 
Methylgreen-pyronin 
9 0 x ( C 5 ) . 
..•<, 
Fig. 17. 
4-week boiled autograft. 
Note bone growth from 
processus lenticularis (not 
denatured) towards dead 
Hematoxylin-eosin 
90 χ ( C 6 ) . 
г
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occurred. In about one half of the cases the lenticular process remained 
attached to the stapes head during the operation and so remained viable 
Growth of new bone can be seen starting from the lenticular process and 
it spreads towards the tip of the incus, establishing a firm contact between 
incus and stapes (fig. 17). The amount of bone formed varies, but is 
never very massive and is completed soon after six weeks. 
When the lenticular process has been removed together with the incus 
and has been boiled it remains entirely dead and no bone formation is 
seen. Nevertheless, the contact of the lenticular process with the stapes 
is satisfactory if proper approximation has been obtained during opera-
tion. In two rats the lenticular process was lost during the operation. 
In one of these, an adhesion has been formed, but in the other no contact 
between incus and stapes was obtained. 
There was no problem concerning the vitality of the bone of the boiled 
incus, for all the nuclei of osteocytes and chondrocytes colour bright red 
after the procedure (M.P. stain). The osteocyte nuclei disappear in two 
weeks and the incus lies in position entirely dead, well wrapped in its new 
periosteal cover, but all the osteocyte lacunae are empty. It is strange to see 
the dead bone covered by a normal "mucoperiosteum" not showing any 
sign of new bone formation. Up to two years after operation no bone 
forming activity has been seen The periosteum apparently accepts this 
dead bone and in contrast to other sites in the body no foreign body 
reaction is elicited. In two cases, six weeks and 11 months after operation, 
some doubt about osteolysis arose, for the shape of the incus was slightly 
changed and seemed partially eroded, but no osteoclasts have been seen 
(fig. 18). Observations made on longer survivals gave no indication that 
resorption was taking place. When bone is buried in muscle a foreign 
body reaction against dead bone is observed very soon (vide infra). 
However, the absence of bone resorption in the middle-ear at two years 
does not necessarily mean that it will not have occurred at ten years. 
The marrow spaces of the dead incudes are invaded by bloodcells 
and mesenchymal cells within 48 hours (fig. 15). In the later survivals 
living tissues, mainly fibrocytes and bloodvessels, are seen in the marrow 
spaces, but there is no sign of bone formation nor resorption. Some 
marrow spaces seemed wider than others but any conclusion drawn is 
speculative. 
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Fig. 18. 
6-week boiled autograft. 
Processus brevis entirely 
dead. Doubtful area of 
erosion. 
Hematoxylin-eosin 
120x ( C 7 ) . 
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Fig. 19. 
83-week boiled autograft. 
No bone growth. No re­
sorption. 
Hematoxylin-eosin 
9 0 x (C 14). 
Fig. 20. 
5-week boiled homograft. 
Processus longus with nor­
mal mucoperiostcal mem­
brane. Absence of living 
bone. Lenticular process 
lost. 
Hematoxylin-eosin 
90 χ ( C 3 0 ) . 
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In five long term survivals otitis media was found and it is noteworthy 
to mention that even in these cases the incus showed no signs of resorption 
(fiç. 19). 
Boded homografts 
The results of this small group are similar to those of the boiled auto-
grafts (see fig. 20). The survival times varied from one month to more 
than two years. In two cases the lenticular process was lost. In one of 
these the contact between stapes and incus was excellent, though there 
was no sign of bone formation. In the longest surviving rat, the incus 
still retained its normal shape, but no deposition of bone had occurred 
(fig. 21). 
Dried autografts 
This group comprises eleven rats with survival times varying from 
three days to twentv one months. The incus was left on the operating 
table for a variable amount of time before repositioning it. Λ note was 
always made when an incus was left out of the middle-car for more 
than a few minutes. It appeared that the incudes, which had been left out 
of the middle-ear for more than five minutes, showed a lesser vitality 
than the autografts of comparable sun i\ al time. Regenerative processes 
are seen in С 21, 22, 28 and 29 (see table I I I ) . In these rats the incus 
has been out of the middle-ear for 20 minutes or less. The others showed 
no important signs of any bone formation or resorption and thus behaved 
like the boiled autografts There was some doubt that С 26 and 27 
showed slight signs of bone formation starting in a few marrow spaces. 
When comparing the findings with a suitable group of vital autografts 
— in which there was massive deposition of lamellar bone and a vital 
short proces — we considered these dried grafts as having no vitalitv 
(fig. 22). Therefore, it follows that incus grafts, when dried, rapidly loose 
their regenerative power. An incus, deprived of nutriticnts for more 
than half an hour, cannot be expected to show any signs of cell survival 
or regeneration when grafted. The marrow spaces contained living 
fibrous tissue and bloodvessels as in the boiled autografts. 
Incudes kept in alcohol 70c/c 
Four incudes have been kept in alcohol for 48 hours and were used 
as homografts. These showed no sign of viability during a maximal 
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Fig. 21. 
2-year boiled homograft. 
Inrudo-malleolar joint. 
No living bone in incus. 
Chondrocytes still pre-
sent. Joint-space obliter-
ated with fibrocartila-
ginous tissue. 
Methylgreen-pyronin 
9 0 x ( C 3 4 ) . 
- : -
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Fig. 22. 
41-week autograft, 40 mi-
nutes dried. Incudo-stape-
dial joint. Only an occa-
sional living osteocyte is 
seen. 
Hematoxylin-cosin 
9 0 x ( C 2 7 ) . 
Fig. 23. 
34-wcck alcohol denatured 
homograft. Entirely dead 
incus with no sign of bone 
replacement or resorption. 
Hematoxylin-eosin 
60 χ ( C 3 8 ) . 
period of 8 months, and they behaved exactly the same as the other 
denatured grafts (fig. 23). 
Surveying these groups of denatured grafts, we conclude that these 
incudes regain their normal anatomical position in the middle-ear, 
covered by a mucoperiosteal layer, which cannot be distinguished from 
the original. However, no sign of growth of new bone is observed from 
this mucoperiosteum, and there is no sign of any bone resorption. The 
middle-ear apparently takes no action against this dead bone during the 
period observed in these experiments. 
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CHAPTER IV 
THE FATE OF INCUS GRAFTS IN MUSCLE 
The results of the experiments with incus grafts in the middle-ear 
show that the reaction of the middle-ear towards an ossicular graft 
follows a pattern, which is different from that in other receptor sites. 
The incus, being built up of bone with embryological characteristics as 
seen in the entire labyrinthine capsule, may itself also play a role in this 
modified pattern of reaction. The following experiments with incus grafts 
in muscle have been performed to study this factor. Furthermore, they 
have provided an opportunity to learn more about the fate of a bony 
organ under the same experimental conditions as used by us in the 
middle-ear. 
Three groups of experiments have been performed, including auto-
grafts, homografts and boiled autografts. A seperate description for each 
group is given in the following sections. 
D. A u t o g r a f t s ( m u s c l e ) 
In 27 rats one or both incudes have been removed from the middle-ear 
and have been transplanted immediately into the musculus tibialis anterior 
of the corresponding leg. 49 Incudes have been recovered for histological 
study after survival times varying from one day to twenty-five weeks. 
In table IV the results of these are summarized. 
During the first few days the operative site is recognized by a fibrinous 
exudate containing bloodcclls around the incus. Polymorphonuclear 
leucocytes with a varying amount of mononuclear cells arc seen for up 
to three days postoperatively. At five days no polymorphonuclears were 
found, )et some mononuclears were still present in the one week survi-
vals. 
During the first week the bloodcells are replaced by ingrowing mesen-
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chynial cells with pyroninophilic cytoplasm; these surround the incus 
entirely and become abundant after one week. Gradually the activity 
of this mesenchymal tissue decreases and it is transformed in fibrous 
tissue. The fibrous cover surrounding the incus after one month is loose 
and never very extensive as it was in the homografts. 
The periosteum of the incus is thought to survive the experiment. 
After twenty-four hours, the cytoplasm of the periosteal cells is .seen to 
be pyroninophilic and cell proliferation is observed in the three day sur-
vhals. At this stage active osteoblasts are also seen. Later, the periosteum 
is overgrown by the mesenchimal tissue and no difference can be detected 
between these two structures after five da^s. 
New bone formation has been found in one of the fi\e days survivals 
and after one week this can be quite extensive (fig. 24). This new bone 
may arise on any side of the incus and its distribution shows no predi-
lection for any site. In some specimens, usually after two weeks, osteo-
blasts can also be found in the marrow spaces (fig. 25) and these take 
part in endosteal bone formation. The incus retains its original shape, 
and the bone deposits, around the incus in the early stages, disappear 
partly through incorporation into the bone of the incus proper. 
The vitality of the bone, as judged by the presence of osteocy tes in the 
lacunae, shows only minor differences in this group of autografts. After 
three days, pyknotic nuclei can be found in the corpus of the incus. In 
time, it is thought that the presence of pyknosis corresponds to a reduction 
of the ostcocytc nuclei of the corpus in the longer survivals. In the pro-
cessus longus and brcvis hardly any osteocyte death is seen and the 
vitality of these parts remains apparently normal throughout the fol-
lowing months (fig. 26, 27). This persistent vitality of the bone is one 
of the most striking features of this autograft group and is different from 
the results obtained in all the other experimental groups. Although in 
the middle-ear some of the osteocy tes survive in the auto- and also homo-
grafted incudes, in muscle nearly all the osteocy tes remain. This finding 
can only be ascribed to the better nutritional conditions of the muscle 
site. There now can be no doubt that osteocytes of a bone graft can sur-
vive transplantation, if their nutrition is not interrupted for too long. 
Preservation of bone vitality and new bone formation may be the most 
apparent features, yet some osteoclasts are found in two short term 
specimens (fig. 26). After twelve weeks, osteoclasts are found in all but 
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Fig. 24. 
7-day autograft. Vital long 
process with formation of 
now bone at the end. 
Methylgreen-py ronin 
90 χ ( D 8 ) . 
і е ^ 
Fig. 25. 
2-week autograft. Osteo­
blasts lining a marrow-
space in an incus of nearly 
normal vitality. 
Methylgreen-py ronin 
120x ( D 1 3 ) . 
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Fig. 26. 
3-week autograft. Nearly 
normal vitality of the in­
cus. Osteoclasts visible on 
outer surface. 
Methylgreen-py ronin 
120x ( D 1 4 ) . 
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one of the specimens, and signs of active resorption, though not all exten-
sive, are seen, especially in the vicinity of the tip of the processus brevis 
and along the processus longus, where small areas of bone erosion deve-
lop. In these autografts bone resorption has never affected the gross 
structure of the incus. It is possible that mechanical forces, always present 
in muscle, may be reponsible for this bone resorption. 
The articular cartilage of the incus survives the procedure and shows 
normal staining of the chondrocytes up to six months after transplanta-
tion. After two weeks fibrocartilaginous tissue forms on the articular 
cartilage, giving it a thickened appearance. Apparently, this tissue forms 
as a result of the inducing properties of the vital articular cartilage. 
The marrow spaces show little change apart from endosteal bone for-
mation, which is never extensive. Otherwise, they contain fibrous tissue 
and bloodvessels and their size remains unaltered. 
The findings in thc«e autograftcd incudes suggest that their vitality is 
largely retained and that new bone formation continues for up to six 
months. Although bone resorption is found, it is never extensive enough 
to alter the shape of the incus. One autografted incus recovered after 
more than one year has confirmed the results described. 
E. H o m o g r a f t s ( m u s c l e ) 
In this group 30 rats have been operated, a homologous incus was 
taken from the ear of one rat and transplanted into the leg muscle of 
another rat. In some cases both incudes were transplanted. The receptor 
site in the musculus tibialis anterior was prepared before removing the 
incus from the middle-ear in order to reduce the time that it was deprived 
of its nutrition. 44 Incudes have been studied histologically. Table V 
surveys the studied specimens and where two incudes have been removed 
from one rat the results are considered together, this is indicated by ( 2 ). 
After 24 hours a normal traumatic reaction consisting of a fibrinous 
exudate containing bloodcells is observed in the muscle. By one week 
the traumatic reaction is over and only a few lymphocytes are observed 
around the incus. After 10 days, a renewed infiltration by lymphocytes 
is seen (fig. 30). In four incudes of this survival time this lymphocytic 
reaction Ls very apparent, sometimes plasma cells are also found. The 
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Fig. 27. 
8-weck autograft. Gross 
structure retained and 
good vitality. No signs of 
resorption. 
Hematoxylin-eosin 
6 0 x ( D 2 1 ) . 
Fig. 28. 
7-day homograft. Vital in-
cus with formation of new 
bone near the lenticular 
process. 
Hematoxylin-eosin 
9 0 x ( E 6 ) . 
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Fig. 29. 
10-day homograft. Exten­
sive formation of new bone 
around processus brevis. 
Methylgrecn-pyronin 
150x ( E 7 ) . 
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lymphocytes are small and dark staining and resemble morphologically 
those described as accompanying transplantation reactions. 
During the first two weeks an occasional giant cell is observed in the 
exudate. Osteoclastic activity of these giant cells has not been seen at 
this earlv stage. 
From ten davs onwards lymphocytes have been present around the 
incus in nearly all specimens The two incudes removed from E 26 are 
exceptions in this and other respects. Furthermore, this persistent pre-
sence of lymphocytes must be considered a typical reaction to the homo-
logous transplantation and, as they are still present at six months, we 
may conclude that the transplanted incudes remain immunologically 
competent (see fig. 31 and 32). According to the orthodox view only 
living cells from the donor could account for this, but Heslop (1960) 
has already remarked that the matrix also may have some antigenic 
properties. 
The fate and function of the periosteum of the transplanted incus is 
hard to interpret. At 24 hours the periosteum is still largely intact and 
in the methylgreen-pyronin stain the cytoplasm of its cells is seen to be 
highly pyroninophilic, an indication that it is actively metabolizing. Later 
their fate is difficult to determine for ingrowing mesenchymal cells form 
an extensive network around the incus after three days. The original 
periosteal cells can no longer be distinguished. The mesenchymal tissue 
surrounding the incus is gradually transformed into fibrous tissue which 
encapsulates the incus in the longer survivals. 
Cells resembling typical osteoblasts appear around the incus after three 
days and the first definite signs of osteogenesis are <=een in the five day 
survivals. Formation of new bone can be seen on any side of the incus, 
no site of predilection has been noted (fig. 28, 29). During the first two 
weeks this new bone has a disorderly aspect, resembling cancellous bone, 
and seems to form within the mesenchymal tissue lining the incus. 
Osteogenesis, although marked during the first fortnight, is occa-
sionally found in longer survivals, but is never very extensive. It then 
consists mainly of deposition of bone around the incus and practically 
no centers of ossification within. After three weeks only three specimens 
have shown the presence of new bone formation. 
Though the vitality of the incus is mostly unimpaired during the first 
ten days, a few empty osteocyte lacunae may be found in the corpus of 
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Fig. 30. 
10-day homograft. Inten­
sive monocellular reaction 
around the incus. Bone 
formation seen near pro­
cessus lenticularis and cor­
pus incudis. 
Methylgreen-py ronin 
120 χ (К 9 ) . 
Fig. 31. 
3-week homograft. Im­
paired vitality of long pro­
cess and erosion of bone. 
Monocellular infiltration. 
Methylgreen-pyronin 
120x (E 17). 
ч -• • 
Fig. 32. 
12-week homograft. Re­
sorption of long process of 
the incus, with osteoclasts. 
Monocellular reaction still 
present. 
Methylgreen-pyronin 
90 χ ( E 2 7 ) . 
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some specimens. In two incudes (E 10, E 13) more massive osteocyte 
death was found; this is most likely a sign of insufficient nutrition. How-
ever, also in this group it is sure that osteocytcs can survive the transplan-
tation procedure. In the longer survivals the vitality of larger parts of 
the incus becomes impaired. Gradually more osteocyte nuclei develop a 
flattened appearance and disappear. The corpus again is the site where 
the most extensive osteocyte death is, the processus longus and brevis 
show a varying viability. After 6 months, a moderate number of scattered 
living osteocytcs can be found in the transplants (fig. 33, 34). 
Giant cells are occasionally seen in the exudate during the first fort-
night but after one month their presence becomes very pronounced and 
there are accompanying signs of bone resorption. Their presence against 
the bone, sometimes in typical Howship lacunae, leaves no doubt about 
their being osteoclasts. In the longest survivals the osteoclasts are numer-
ous and extensive bone resorption is seen (fig. 32, 33, 34). Bone resorp-
tion is apparent both on the outer surface of the incus as well as within, 
it is accompanied by ingrowing fibrous tissue, lymphocytes and some-
times osteoclasts. 
The articular cartilage tissue at first usually shows no changes in 
viability. Cartilaginous tissue is formed on the outside between 5 days 
and two weeks, but is never found after this. The vitality of the cartilage 
may be slightly impaired after two weeks and later it seems that parts 
of it are also affected by the resorptive processes. 
The marrow spaces in the incus show little change for their normal 
population of bloodcells, fibrous tissue and capillaries are seen through-
out. Widening of these spaces except those at the periphery, which arc 
clearly affected by the resorptive process, has not been observed. 
Summarizing the results of this group, the observations made indicate 
that incudes, transplanted to muscle between genetically different rats, 
show the histological reactions typical of a homologous transplantation. 
During the first week no difference is noted with the autotransplanted 
incudes, the viability of the incus remaining normal. On the 10th day 
massive lymphocytic accumulations are seen, and these have persisted 
throughout the whole observation period. Osteoclasts and bone resorption 
are apparent after three weeks and become more extensive as time pro-
gresses. The vitality of the incus gradually becomes reduced, and only 
scattered living osteocytes are found in the longest survivals. Although 
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Fig. 33. 
25-week homograft. Ex-
tensive resorption of the 
incus. 
Methylgreen-pyronin 
9 0 x ( E 3 0 ) . 
Fig. 34. 
25-week homograft. Ex-
tensive resorption of nearly 
dead bone. 
Methylgreen-pyronin 
9 0 x ( E 2 9 ) . 
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Fig. 35. 
2-week boiled autograft. 
Resorption of dead bone 
by osteoclasts. 
Methylgreen-pyronin 
9 0 x ( F I O ) . 
bone resorption has also been noted in the autografts, it has never been 
as marked as in the homografted incudes and the lymphocytic accumu-
lation surrounding the incus was never present in the autografts. 
F. D e n a t u r e d g r a f t s ( m u s c l e ) 
In this group seventeen incudes were studied. The incus was boiled 
for five minutes in distilled water, rinsed in saline and placed in the 
homolateral musculus tibialis anterior of the same rat. The survival times 
varied between one day and twenty weeks. The results of these experi-
ments are summarized in table VI. 
The cellular reaction around the incus in the operative site is less than 
that of the two previous groups. Polymorphonuclear leucocytes were 
seen in large quantity in one specimen only, after 24 hours. During the 
first week mononuclear cells, mainly lymphocytes, became more ap-
parent, but they were never present in large numbers. 
After one week, the lymphocytic reaction becomes much less, and in 
prolonged survivals no Kmphocytcs were found. Alongside this mono-
cellular reaction of the woundbed, mesenchymal cells were seen to 
surround the incus, especially during the first week, and they formed a 
dense network of cells and capillaries which enclosed the whole incus. 
Later, these mesenchymal cells became much flatter and scanty collagen 
fibers were found between them. Thus a loose fibrous capsule was formed 
which enveloped the incus. The layers of cells closest to the incus could 
morphologically be considered as periosteum. The original periosteum 
had been destroyed by boiling, and therefore it are host cells which were 
seen lying against the incus. Osteoblasts were never found and no osteo-
genic properties could be attributed to these cells surrounding the incus. 
No signs of osteogenesis were found in any of the specimens up to five 
months after implantation. 
Giant cells were first observed in one of the three day specimens. After 
one week, the number of giant cells increased markedly and completely 
surrounded the incus. They persistently remained throughout the obser-
vation period and were often seen lying in excavated parts of the bone 
(Howship). There was no doubt that they were osteoclasts, and accom-
panied the bone resorption observed. 
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The osteocytcs and bone matrix, showed no morphological changes 
during the first week. However, there is no doubt that the boiled bone 
is dead, for, although with the H.E. stain normal staining osteocytes are 
found, in the M.P. stain the nuclei of the osteocytes and chondrocytes 
colour red, distinguishing them clearly from living cells. All the osteocytes 
gradually disappear, after two weeks none are found and the bone has a 
dead empty appearance (fig. 35). As time progresses the bone remains 
dead and no signs of any new formation of bone are found, either on the 
outer surface or within the incus. 
The chondrocyte nuclei of the articular cartilage also colour red with 
methylgreen-pv ronin, but most of them remain throughout the obser-
vation period and although entirely dead they do not disappear like 
osteocytes. Formation of fibrocartilaginous tissue on the cartilage has 
not been seen after the use of boiled grafts. 
The presence of osteoclasts accompanied by bone resorption is a con-
stant finding in the specimens from one week onwards. The first signs of 
bone erosion are found at 7 days and from this time onwards it is present 
in all the specimens. Although it was not possible to measure the amount 
of resorption quantitively, there is no doubt that it takes place and is 
more extensive than in any of the other experiments, except those in 
which homograft incudes were placed in muscle. After five months the 
incus has diminished in size and has a motheaten appearance. Although 
by this time only a small part of the incus may have disappeared, even-
tually the incus will be resorbed entirely. 
The marrow spaces arc filled within 24 hours after the operation with 
bloodcells and after two days capillaries grow inwards along these spaces 
deep into the bone. Resorption of bone may also occur around the vessels 
giving the marrow spaces a widened appearance. 
The conclusions from these experiments are clear and confirm findings 
of others. A free graft of boiled bone, which does not lie against bone, 
remains dead and shows no signs of regeneration. Eventually the dead 
implant is resorbed entirely. 
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CHAPTER V 
DISCUSSION 
Bone grafts are widely used in mam fields of surgery to-day. Though 
many sources of bone arc available for grafting, there is a general ten-
dency to prefer fresh autogenous bone tissue if this is available. All other 
bone grafts are treated or preserved in a bonebank. The usefulness of 
these grafts has been tested by numerous experiments in animals and 
humans and, although since the first experiments with bone grafts by 
Merrem (1810) the literature on the subject has grown to confusing 
dimensions, the exact fate and the factors responsible for regeneration or 
survival of bone grafts remain debatable. 
In order to have a better understanding of the findings in this stud) 
of incus grafts performed in rats, a short review of the most important 
results on experimental bone grafting is given. 
In general bone grafts are used to fill up defects in bone or to act as a 
temporary scaffolding. In these cases the bone graft is in direct contact 
with the host bone, which grows into the graft by what is usually named 
"creeping substitution" (Phemistcr 1914), and survival of graft cells is 
not strictly necessary for the eventual regeneration of the grafted bone. 
Opinion is almost unanimous, that fresh autografts lead to a faster repair 
and give better clinical results (Peer 1955). Maatz (1964) attributes 
even more osteogenic properties to specially treated antigen-free hete-
rologous bone tissue. These grafts of prepared cancellous bone (Maat7 
and Bauermeister 1957), the soft tissues having been removed, are easih 
invaded by host tissues and stimulate the new formation of bone 
Although many authors have held and still hold the view that all the 
cells of fresh bone grafts die before rcvitalization takes place (theory of 
Barth), others have found that graft cells can survive (Phemister 1914, 
Gill 1915, de Jong 1928, Hutchinson 1952). 
The survival of cells in a graft may be related to the site of implan-
tation ( Carter 1932, Cohen and Lacroix 1955), the vascularity of the 
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hostbed ( Mowlcm 1941 ), or the source of bone that is used. Mowlem 
(1941) found that the ovocytes in dense cortical bone tended to die 
and the chances of survival in cancellous bone were much greater. 
Peer ( 1955) relates the survival of a bone graft to the site where it is 
taken from. He found that osteocytes and matrix of septal, nasal and 
turbinate bone survived transplantation to soft tissues, while tibial, rib 
and ilium bone were gradually absorbed, though he states that this does 
not necessarily mean that the osteocytes die. 
Another factor involved could be the stimulus of function which pro-
motes osteogenesis and without which the graft atrophies (Brown and 
Brown 1913). Miiscbeck and Falck (1963) also considered that the 
direction of the osteogenesis in cortical chips placed between the ossicular 
chain in rabbits was related to the effect of sound. 
Mam experiments ha\c been performed to find exactly which cells or 
influences are responsible for osteogenesis in a bone graft. Two concepts 
have found mu< h support throughout the literature. 
The first was proposed by Oilier in 18G7, who performed experiments 
in rabbits, cats, dogs, birds and other species to determine the fate of bone 
transplants, and he concluded that surviving periosteal cells were essential 
for osteogenesis. This has been confirmed by many later experiments 
(Axhausen 1909, Mc Williams 1914, Mayer and Wehner 1914, Rohde 
1925 all cited by Peer) and more recently by Ham and Gordon ( 1952). 
Other authors working with periosteal transplants ha\e denied that pe-
riosteum alone was responsible for osteogenesis in a bone graft (Davis 
and Hunnicutt 1915, Pollock and Henderson 1940). 
The second theory advanced by Bashkirzew and Petrow in 1912 and 
later supported by Lcvander (1938), Lacroix (1945) and Hutchinson 
( 1952) is also named "the metaplasia theory". According to this theory, 
new bone is formed through transformation of the surrounding con-
nective tissue into bone under the influence of specific osteogenic sub-
stances, which are present in the transplant. Support for this theory came 
because several investigators found that alcoholic extracts of bone could 
induce osteogenesis (Lcvander 1938, Lacroix 1949 a.o.), and the indu-
cing substance was named osteogenin. Heinen, Dabbs and Mason 
( 1949 ), howev cr, showed that alcohol alone could also produce ectopic 
bone in rabbits, which made that the stimulus for bone production could 
also come from aspecific substances. Ectopic bone has also been produced 
by other mean, such as by transplantation of bladder epithelium (Hug-
G7 
gins 1931 ). This means that bone production apparently is not a mono-
poly of periosteal cells but that other cells, perhaps mesenchymal cells 
can be induced to form bone. However, most investigators have failed 
to attribute any bone inducing qualities to dead bone (cited de Bruvn 
andKabisch 1955). 
In spite of further experiments like those with isotopes, supravital dyes 
and the use of special sites such as the anterior chamber of the eye, the 
subject remains controversial Many experimental facts being undeniable, 
both theories arc probably parth true. 
Also in our experiments with incus grafts support has been found for 
both theories. 
Fresh autologous incudes transplanted into muscle show extensive 
formation of new bone around the incus. It is seen that most osteocytes 
survive, except those in the central part of the corpus, where the nutrition 
of the osteocytes is most impaired. After two weeks the regenerative pro-
cesses are the most prevalent. As far as could be observed, the periosteum 
survived the procedure and could be seen to contain strongly pyronino-
philic cells after twenty-four hours. Later these are seen to take part in 
extensive osteogenesis around the incus. At first, the new bone deposits 
are irregular of shape and distribution, later they become incorporated in 
the incus, which keeps its gross structure. After two weeks osteoclasts are 
found occasionally, but never in any great amount. In longer survivals 
they are found in areas where some bone resorption docs take place. It is 
'.lard to say whether eventually, after more than six months, resorptive 
processes will be even more extensive and lead to resorption of the graft. 
The constant mechanical influence on a bone transplant in muscle might 
play a role in the resorptive process observed. The osteocytes look viable 
throughout the incus except in a few small central areas with empty 
lacunae. 
Fresh autografted incudes placed in their anatomical position in the 
middle-ear show a similarity in behaviour with the incus autografts in 
soft tissue. A varying number of osteocytes survive the procedure, but 
much less than in the incudes placed in muscle and this could be due 
to better nutritional conditions of muscle. Signs of osteogenesis con-
sisting of deposition of fairly well differentiated lamellar bone around 
the incus, appear early. The long and short process of the incus are par-
ticularly well remodelled and show good vitality after a few weeks. The 
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corpus, which is most affected by the osteocyte death, never showed 
much signs of revitalization. After three months, there is little progress in 
the replacement of old bone by new bone. Presumably, increasing age 
of the rat makes the periosteum less active, and this reduced activity is 
reflected in that from three months up to two years after the operation 
large parts of the incus remain dead. The incus grafts in muscle, in which 
osteocytic death is less marked, therefore show a higher degree of vitality 
in the later stage. Osteoclasts have never been observed around these 
incudes in the middle-ear and there is no other indication that even after 
two years any resorption of the incus graft has occurred. 
The parallel of these two types of incus grafts is that both are free 
grafts, which are not in direct contact with host bone (the bone of the 
incus in the middle-ear is separated from the host bone by the articular 
cartilage. In the fossa incudis a ligament separates the host bone from 
the incus), and that they both depend on their surviving periosteal cells 
or inductive power for revitalization. This process is more extensive in 
the incus grafts in muscle, than in the middle-ear. 
Maintenance of adequate nutrition is important, and this has been 
substantiated through the experiments with incus grafts which had been 
left lying in the wound for an hour before replacing them into the middle-
ear. These behaved in the same way as the fresh autografts, that had been 
repositioned directly. It may therefore be concluded that if the incus can 
be kept in an adequate environment, it will behave like a fresh autograft. 
These findings agree with the results of comparable experiments with 
fresh autologous bone grafts in muscle tissue of rabbits, reported by de 
Bruyn and Kabisch (1955). Osteogenesis by fresh transplants of compact 
bone occurred in 86%, by periosteum in 58%, and by bone marrow in 
64rc/c of their cases. Further experiments with frozen bone elements did 
not produce new bone except in one case, and they conclude that living 
bone or elements of it are necessary to induce or take part in osteoge-
nesis. 
The experiments performed by us do not allow anv conclusions to be 
reached as to the exact source of osteogenic elements in a fresh auto-
logous bone graft. Many osteocytcs survive in a fresh autologous graft 
and this seems to be correlated to the osteogenesis observed and the later 
vitality of the graft. Still, the exact role of the osteocytes after transplan-
tation remains obscure, and it might well be that dying osteocytes liberate 
osteogenic substances. 
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Heslop et al. ( I960) in experiments with cortical bone autografts and 
homografts in rats measured the osteocyte survival quantitatively and 
they concluded that the surviving osteocytes of the transplant may well 
stimulate osteogenesis in their vicinity, but that the number of osteocytes 
surviving bears no relationship to the amount of osteogenesis observed. 
That survival of the graft is the most important factor for any osteo­
genesis in an extra-osseous bone graft, is confirmed by our experiments 
with incudes in muscle and in the middle-ear, and comparing these two 
groups, the conclusion can further be drawn that the vascularity of the 
hostbed is of vital importance. No other reports on similar incus grafting 
procedures in the middle-ear are available. 
The fate of fresh incus homografts, the use of which is not feasible for 
clinical purpose, has also been studied in muscle and in the middle-ear. 
In muscle, transplantation of a fresh homologous incus results in an 
immunity reaction чтііаг to that observed when other homologous tissue 
is used. During the first week their behaviour is very similar to that of 
the autografts. There is an aspecific traumatic reaction around the graft 
with infiltration of polymorphonuclear leucocytes and lymphocytes, and 
during the first days the bone of the incus looks normal with largely living 
osteocytes. At ten days, however, when the traumatic reaction should 
have passed, mononuclear cells mainly small lymphocytes and plasmacells 
are found around the incus and they have remained a constant finding 
up to twenty-five weeks, being the longest survival The osteogenesis 
observed around the graft during the first two weeks declines and is only 
occasionally found in later survivals. As osteogenic activity declines, the 
vitality of the bone becomes gradually more impaired and only scattered 
living osteocytes arc found in the longer survhals. Resorptive processes 
increase with time and after six months parts of the incus have dis­
appeared. This sequel of events, compared to that of the autografts under 
the same experimental conditions, should be attributed to tissue in­
compatibility as is seen when anv homologous transplantation of vital 
cells is performed. Probably the periosteum, to which osteogenic proper­
ties are generally attributed when in contact with living bone, is the most 
antigenic, and as it has a direct cellular contact with the host, it is most 
likely to be the earliest victim to the reaction. The osteocytes in their 
protected location arc not directly accessible to the cells of the host. 
This view is supported by the findings of Hesslop et al. (I960) who 
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found no difference in osteocyte survival between the fresh autologous 
and homologous tibial grafts, denuded of their periosteum and trans-
planted into subcutaneous tissue of rats. Although the granulation tissue 
around the homografts seemed inferior to that around the autografts, no 
transplantation reaction as such was observed. In addition, they found 
that the autologous grafts formed new bone in all cases, while in the 
homografts this was observed in only one out of eleven specimens. This 
single bone forming homograft belonged to the short survival group and 
it is tempting to assume that the other homologous bone grafts had also 
formed new bone, a process that was subsequently arrested by a reaction 
against the remaining osteogenic cells. 
That fresh homografts of periosteum can form bone in the initial 
phase, has been shown by Danis ( 1959), who also demonstrated that this 
new bone was different from that in autografts and was subsequently 
absorbed after autolysis of the cells. Hutchinson ( 1952) did not attribute 
any osteogenic properties to bone homografts in muscle but, regarding 
the total death of osteocytes in his 10-day specimens, we have some doubt 
that his graft specimens may not have been sufficiently fresh. 
The existence of an incompatibility reaction when fresh homologous 
bone is used, has further been demonstrated by Bonfiglio et al. (1955). 
They found that equal amounts of antibodies were formed against foreign 
protein in both fresh and frozen bone homografts in rabbits. Formation 
of new bone however was only seen in the fresh homografts. 
In general, bone homografts have been found to be less reliable as far 
as ingrowth into the host is concerned than autografts (Axhausen 1953). 
Our findings in fresh incus homografts in muscle agree with these 
studies. Initially, there is formation of new bone which becomes arrested 
probably by the reaction against the osteogenic cells. Gradual absorption 
of the dying graft follows. 
Whether this will also apply to fresh homologous incus grafts in the 
middle-ear still remains unknown. An immunity reaction, usually cha-
racterized by round cell infiltration starting after one week, has not been 
observed in the middle-ear. The presence of medial otitis in some cases 
has made it impossible to definitely exclude its occurrence. The obser-
vation that bone formation arrives in these incudes and is not arrested 
after two weeks as it h in the grafts placed in muscle, further sugge ts 
that this reaction either does not occur, at least not in the early phase, 
or that it is not extensive enough to arrest the bone forming process. 
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Later, osteogenesis becomes arrested, this is possibly in part due to the 
aging process of the periosteum. We have also found that new bone 
formed by the homograft around the incudostapedial joint can die after 
a longer period of time, an occurrence which was not seen in the auto-
grafts. Moreover, the overall vitality of the homograft incus in the 
middle-ear is apparently less than that in the autograft after one year. 
These facts suggest that the formation of new bone by the homologous 
graft stops earlier than in the autografts, and therefore the homologous 
incus probably has an inferior behaviour in the middle-ear. 
We cannot definitely conclude that this is due to a mitigated or re-
tarded reaction to transplantation. Even the total absence of osteoclasts 
or any failure of resorption of the graft does not mean that there is no 
incompatability reaction, for denatured grafts also resist resorption in the 
middle-ear. 
The graft dosage Is known to influence the transplantation reaction as 
has been shown by Medawar (1944) with skin grafts of different sizes. 
Small skin grafts survived longer than large ones. In an earlier report 
(1967) we ha\'c suggested this might also be an explanation for the 
absence of a transplantation reaction when an incus is transplanted in 
the middle-ear. But the presence of a reaction against a homologous 
incus in muscle makes this explanation unlikely. The middle-ear, which 
by virtue of its anatomy only allows a slight contact of host cells and 
vessels with the graft, should therefore be considered as belonging to the 
privileged sites for homologous transplantation. The possible absence of 
lymphatics in the middle-ear ossicles may be an important reason for 
the lack of transplantation reactions. 
We have also studied the behaviour of denatured incudes in muscle 
and in the middle-ear. The majority were autograft incudes denatured 
by boiling in distilled water for five minutes. 
In muscle the cellular reaction around such an implant is very slight 
during the first few days. The most apparent feature is an increasing 
number of osteoclasts appearing on the third day. After six months con-
siderable parts of the incus become resorbed and no signs of new bone 
formation have been found. The ostcocytes and chondrocytes which have 
all been killed by the boiling are still present after a few days and in the 
H.E stain no difference from normal can be seen. The methylgreen-
pyronin stains their nuclei red and after two weeks all the osteocyte 
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nuclei have disappeared; the chondrocyte nuclei remain. Therefore, we 
may say that no osteogenic properties can be attributed to these boiled 
incus grafts placed into muscle. 
Boiled incus grafts replaced in their correct anatomical position within 
the middle-ear also show no signs of osteogenesis. They soon become 
covered by a mucoperiosteal membrane arising from the middle-car wall, 
stapes and malleus, and this membrane keeps the incus in good position 
and assures the anatomical continuity. As no cellular activity has been 
observed in the new mucopcriosteum surrounding the incus leading to 
formation of new bone, nor to resorption of the dead bone, it is doubtful 
whether we can speak of this membrane as a true periosteum in these 
cases. 
The marrow spaces are repopulated early by fibrous tissue and small 
bloodvessels, but they do not appear to take part in bone formation or 
resorption. Even after two years, the incus does not seem changed in 
any way compared to shorter survivals; its gross structure remains un-
altered. Although living cells are present in the marrow spaces the bone 
should be considered non vital. 
The same features were found for a small series of boiled and alcohol 
preserved homografts One of the boiled homografts showed no vitality 
but was intact after more than two years. 
Two more strong arguments have been found which indicate that only 
vital bone tissue — perhaps bone preserved by freezing should also be 
considered as vital tivsue - has real osteogenic properties. The first 
arises from the group of boiled grafts, for when the lenticular process was 
left attached to the stapes, the few bone cells, which are present on top 
of the cartilage of the lenticular process, act as a potent bone forming 
center, the cells of which grow into the tip of the long process and replace 
the dead bone. Besides this, the fracture between the tip of the long pro-
cess and the processus lenticularis apparently is a stimulus for bone 
formation, starting from the lenticular process as has been seen in one 
of our cases in which the incus wa« not replaced. However, when the 
lenticular process was also denatured by boiling or alcohol no bone for-
mation was found in this region. 
Secondly, the findings in the dried grafts group provide more support 
to this hvpothesb Incus grafts left for more than 30 minutes in the 
atmosphere before repositioning show minor if any signs of osteogenesis 
within or around the graft. Incudes repositioned within this period of 
73 
time show a varying degree of revitalization, depending upon the time 
that the incus has been deprived of its nutrition. It is again difficult 
to be sure if surviving cells are responsible for the osteogenesis observed 
or that living bone constituents induce the surrounding tissue to the 
formation of bone. Whatever the answer, cell death in a graft also 
abolishes its bone forming properties. 
We have tried to solve the question by labelling the periosteal cells of 
the graft prior to transplantation with H3-thymidine, but because the 
metabolic turnover of adult bone is so low, only an occasional cell took 
up the label. Ray et al. (1963) used bone of newborn mice and 
labelled these with H3-thymidine. They found that both donor and host 
cells were found in the graft and thus took part in remodelling of the 
graft tissue. Our study provides support for both views. 
In the literature on incus grafting in the middle-ear, the osteogenic 
c.q. bone inducing powers of dead bone also form a controversial issue. 
Wilson et al. (1966) have found varying degrees of remodelling in 
incus homografts preserved in alcohol and implanted into the middle-
ear. The revitalization of these preserved homografts was even faster than 
in one fresh autografted incus. They have no explanation for this, but 
mention that the preservation in alcohol might be a responsible factor. 
Benitez et al. (1968) and Smith et al. (1968) have confirmed these 
findings using tetracyclin labels. 
However, Linthicum (1966) and Pulce (1966) have found no living 
bone cells in homografted alcohol preserved incudes removed from hu-
mans, who had a poor hearing result after the initial tympanoplasty. 
Their findings agree with our results and confirm that when devitalized 
grafts are used no remodelling takes place. No signs of bone resorption 
have been found in the incudes they studied, but it is still unknown 
whether or not it will eventually occur. The follow-up periods are too 
short to entirely exclude this possibility. 
Hildyard (1967) also did not find any living osteocytes or resorption 
in one incus, which had been autoclaved before implantation in a human 
middle-ear. 
What is believed to be avascular necrosis with resorption of the long 
process has been observed several times by ear-surgeons (Hough 1958, 
Smith 1958, Dawes 1962) during reoperations of otosclerosis and, when 
replacing a dead incus in its anatomical position, its possible occurrence 
should be taken into account. 
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CONCLUSION 
Although the motivation to study the fate of incus grafts originated in 
a clinical problem, any conclusion drawn from these experiments in 
animals can only be applied to man with the outmost care. The only 
two incidental histological studies on human homografted incudes con­
firm the results of our experiments in rats and more will be needed to 
obtain accurate information. 
From these experiments we have learned that the incus used as an 
orthotopic transplant behaves as a free grafted organ, which means 
that the vitality or regeneration of the graft in the host is entirely de­
pendent on the degree of vitality of the graft at the time it is used. 
Though osteogenic properties are often attributed to all forms of pre­
served and treated bone grafts, these only hold when the grafts arc in 
contact with host bone, a situation which does not apply for the incus in 
its normal anatomical position. Our experiments illustrate this well, for 
new bone growth only occurs from a vital lenticular process into the 
long process of a denatured incus graft. 
Λ denatured incus shows no signs of osteogenesis and in the middle-
ear it does not show any signs of resorption as in the muscle site. 
Λ fresh homologous incus graft in muscle shows all the signs of a 
transplantation reaction eventual!) leading to resorption of the graft. In 
the middle-ear, the behaviour of incus homografts is comparable to that 
of autografts, with only some reduced vitality after more than one year. 
Therefore, the middle-ear can be considered as one of the privileged 
sites in the body where transplantation is not followed by important reac­
tions against the graft. 
Although there is no transplantation reaction in the middle-car re­
sulting in resorption of the graft as in a muscle bed, the use of a fresh 
homograft in clinical practice can hardly be considered for practical 
purposes. When an ossicular graft is to be used and no autograft it 
available, one will have to resort to preservation or denaturing methods. 
Most preservation methods and all denaturing techniques are considered 
to kill the cellular elements of the graft together with the osteogenic 
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properties, and thus revitalization is unlikely to occur. Because a dena-
tured incus graft is not resorbed in the middle-ear as in other receptor 
sites in the body, its vitality does not seem to play an important role when 
its use is considered for middle-ear surgery. If this be true of fresh and 
boiled homografts and one could be certain of their usefulness in the 
long term, then it is necessary to apply proper denaturation and sterili-
zation in order to exclude all po.ssible risks. 
It has been shown that an anatomical reconstruction of the ossicular 
chain is possible with any type of incus graft when ideal conditions are 
present. Only in one case did a bony adhesion develop between the graft 
and the middle-ear wall and this complication probably could have been 
prevented if the periosteum had remained present between the host and 
grafted bone. 
Although a two year follow-up seems long enough, grafting procedures 
in man are done to last for life if possible. Eventual resorption of a dena-
tured ossicular graft cannot be entirely excluded and the question arises 
whether or not cartilage, which has some unique properties and can be 
used in middle-ear surgery, should not be preferred. 
SUMMARY 
The most suitable material for ossicular chain reconstruction is still 
debatable. Synthetic materials, used as ossicular prostheses, have given 
disappointing functional results in the long term and now there is a 
tendency to use organic material. As yet, little is known about the even-
tual fate of ossicular transplants in the middle-ear, although local and 
general adverse reactions have not been reported in the few clinical 
trials undertaken. 
This thesis is concerned with the study of the fate of several kinds of 
incus grafts in the middle-cars of rats. Orthotopic incus transplantations 
were performed in over 100 rats and the histological behaviour of the 
incus was studied in serial sections after survival times varying between 
one day and more than two years. The incus was used as autograft, homo-
graft or denatured graft, denaturation being produced by boiling or 
storage in alcohol. The incus auto- and homografts were repositioned or 
transplanted immediately after their removal from the middle-ear so 
that the time of nutritional deprivation was as short as possible. Soon 
after the operation, a varying degree of cell death was found but this 
was quickly followed by formation of new bone around the incus. The 
short and long process of the incus resist cell death most of all and also 
they show the strongest regenerative power. After two years, the vitality 
of the incus varies from one specimen to the other, but the corpus usual!) 
is the least viable part. There is no apparent difference in behaviour 
between the auto- and homografts during the first year, whereas in the 
longer survivals the vitality of the homografted incudes seems slightly 
less than that of the autografts. No reactions suggestive of transplantation 
phenomena are observed. In the case of denatured incudes there is no 
obv ious revitalization of the bone tissue. The incus remains entirely dead 
and yet is covered by a normal mucoperiosteum. A similar behaviour is 
found in those cases where the incudes are not transplanted immediately, 
but have been left exposed to the atmosphere for more than 30 minutes. 
It seems therefore that cell survival in the graft is essential to ensure 
later revitalization of the incus. Bone inducing properties, exerted by a 
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vital transplant on the surrounding tivsue, ma; also partly account for 
the new bone formation. 
As the bone of a transplanted incus in the middle-car has no direct 
contact with host-bone, the host-bone cannot be responsible for the 
osteogenesis found in the transplant, and therefore the formation of 
new bone in the graft must be attributed to either surviving graft cells 
or to the bone inducing properties of the graft. Resorption of bone has 
not been seen in any type of incus transplant within the middle-ear 
during two years. The absence of osteoclasts was noteworthy. However, 
bone resorption may be a very slow process and the end result of the 
graft remains unknown and awaits a much longer term study. 
The findings of this study suggest that an ossicle transplanted in the 
middle-ear behaves differently from orthotopic bone transplants in other 
sites of the body. For this reason, incudes were also transplanted into 
muscle under similar conditions. The survival time after operation varied 
between one dav and six months. The following differcne es in behaviour 
were apparent. 
The autografted incudes show a varying amount of cell death in 
the beginning, but very soon extensive formation of new bone is seen. 
After about twelve weeks, occasional osteoclasts arc noted. Although the 
bone resorption seen was never very extensive, it is possible that »his 
resorption may continue and eventually will lead to total disappearance 
of the incus. 
In the homografted group the initial process of cell death and the re-
placement of bone resemble that seen in the autografts. However, the 
cellular reaction found around the incus during the first two weeks does 
not disappear and lymphocytes mainb are found to persistently surround 
the incus throughout the observation period. After two weeks extensive 
bone resorption with many osteoclasts dominates the histological picture. 
The process of new bone formation is finally arrested, and after six 
months the vitality of the incus is greatly impaired, parts of the incus 
having disappeared entirely. The histological features of this bone resorp-
tion suggest the presence of a transplantation reaction, a feature not 
observed in the middle-ear. 
The fate of the denatured incus grafts in muscle is the same as that 
of any other bone implant in soft tissue, namely gradual resorption. 
The conclusion can be drawn that the reaction of the middle-ear 
towards an ossicle transplant or implant is different from other receptor 
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sites in the body, and therefore the middle-ear probably belongs to the 
small group of privileged sites in the body where transplantation can be 
performed without problems as far as the reactions of transplantation are 
concerned. 
If the results of this study can be applied to man, the use of ossicle 
transplants in reconstructive middle-car surgery is a justified and pro-
mising procedure. As resorption of an ossicle transplant or implant has 
never been seen in the middle-ear, there is good reason to denature the 
ossicle transplant properly so that all possible dangers which could result 
from the use of ossicle homografts in the middle-ear, arc eliminated. 
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SAMENVATTING 
Reconstructie van een verbroken gchoorbeenketen na chronische 
otitis media stelt nog steeds veel problemen. Het gebruik van synthetische 
prothesen hiervoor heeft op langere termijn gezien veel teleurstellende 
functionele resultaten gegeven en dit is de voornaamste reden, dat er een 
hernieuwde belangstelling bestaat voor het gebruik van lichaamseigen, 
of tenminste organische substanties. Het ontbreekt echter momenteel aan 
exacte kennis over het gedrag en het uiteindelijke lot van gehoorbecn-
transplantatcn in het middenoor. De tot op heden sporadisch verrichte 
homologe gehoorbeentransplantaties hebben geen aanleiding gegeven 
schadelijke reacties te vrezen, er was echter geen sprake van het over-
brengen van vitale cellen. 
Teneinde meer kennis te verkrijgen omtrent het gedrag van natuurlijke 
gehoorbeenprothesen hebben wij bij ratten orthotopischc aambeeld-
transplantaties verricht. De middenoren werden histologisch bestudeerd 
na overlevingstijdcn variërend van een dag tot meer dan twee jaar. Deze 
groep experimenten omvat zowel autologc als homologe transplantaties 
en tevens werd gebruik gemaakt van door alcohol of verhitting gedenatu-
reerde implantaten. 
De tijd tussen luxatie en repositie van het aambeeld werd zo kort 
mogelijk gehouden om de voeding van het transplantaat te verzekeren. 
Dit inachtnemend, tonen incus auto- en homoiotransplantatcn, na een 
periode waarin een wisselend aantal osteocyten te gronde gaat, tekenen 
van botnieuwvorming, waardoor het oude bot gedeeltelijk vervangen 
wordt. Het korte en lange been van het aambeeld regenereren sneller en 
vollediger dan het lichaam, afgezien van een individuele variabiliteit. Ge-
durende het eerste jaar is er weinig verschil in gedrag tussen de auto- en 
homoiotransplantatcn. Na deze tijd bevatten de homoiotransplantaten 
over het algemeen minder levende cellen dan de autotransplantaten. 
Duidelijke tekenen van resorptie werden niet waargenomen. 
De incus implantaten vertonen geen neiging tot revitalisatie. Ze 
worden evenals auto- en homoiotransplantaten zeer snel omgeven door 
een mucoperiostale membraan; er is ook ingroei van levende cellen in 
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de mergruimten, doch vorming van nieuw bot werd niet waargenomen. 
Na twee jaar vormt de incus nog steeds een physiologische verbinding 
tussen hamer en stijgbeugel en toont geen tekenen van resorptie. Dit-
zelfde geldt voor incustransplantatcn die gedurende meer dan 30 minu-
ten buiten het lichaam werden bewaard alvorens teruggeplaatst te worden. 
Er is een duidelijke correlatie aanwezig tussen de tijd waarin het trans-
plantaat buiten het lichaam verblijft en de mate van botnieuw vorm ing. 
Deze bevindingen versterken de mening dat overlevende cellen, waar-
schijnlijk uit het periost, verantwoordelijk zijn voor de botnieuwvorming 
in een vrij bot transplantaat, hoewel ook een inducerende werking uit-
gaande van levend bot hierbij niet uitgesloten kan worden. In ieder geval 
is de latere vitaliteit van het transplantaat afhankelijk van cellen die de 
transplantatie overleven. 
Hoewel een incus transplantaat of implantaat in het middenoor geen 
tekenen van botresorptie vertoont, moet men, gezien de zeer langzame 
processen die kunnen plaatsvinden, voorzichtig zijn met definitieve 
conclusies. 
Uit bovenstaande bevindingen kan men concluderen dat een incus, 
die is getransplanteerd in het middenoor, zich anders gedraagt dan een 
vrij bottransplantaat elders in het lichaam, mits zoals in dit geval geen 
direct contact bestaat tussen gastheerbot en transplantaat. 
Ter betere vergelijking werden ook incustransplantaties in spier uit-
gevoerd onder dezelfde proef omstandigheden. De overlcvingstijden wa-
ren gemiddeld korter, doch meer dan lang genoeg om duidelijke ver-
schillen aan het licht te brengen. Incus autotransplantaten in spier tonen 
na aanvankelijk gedeeltelijk teloor gaan der osteocyten, tekenen van vrij 
uitgebreide botnieuwvorming. Het aantal cellen dat de transplantatie in 
spier overleeft, is veel groter dan in het middenoor. Na enige weken 
worden ook ostcoclasten waargenomen en, hoewel de hiermee gepaard 
gaande botresorptie zelfs na zes maanden niet van grote omvang is, moet 
er rekening mee worden gehouden, dat uiteindelijke resorptie van dit 
transplantaat mogelijk is. 
De homologe incustransplantaten gedragen zich gedurende de eerste 
tien dagen identiek, doch hierna wijzen de blijvende aanwezigheid van 
lymphocyteninfiltraties rondom de incus op het bestaan van transplan-
tatie phenomencn, zoals die bij homologe transplantaties worden waar-
genomen. De aanwezigheid van een zeer groot aantal ostcoclasten en de 
hiermee gepaard gaande resorptie zijn veel uitgebreider dan in de auto-
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transplantaten en na zes maanden zijn gedeelten van de incus ernstig 
aangetast. Hun verdere lot is gelijk aan dat van dode implantaten, die 
snelle resorptie ondergaan. 
Of deze evidente verschillen tussen incustransplantaten in middenoor 
en in spier berusten op een essentieel verschillende reactie van het vvond-
bed in de gastheer is niet met zekerheid te zeggen. Niettemin geven deze 
bevindingen, indien ze ook op de mens van toepassing mogen worden 
geacht, steun aan de opvatting dat gehoorbecntransplantaten geen on-
aanvaardbare cellulaire reacties in het middenoor te weeg brengen en 
na twee jaar nog geen enkel teken van resorptie vertonen. Het midden-
oor moet dan ook beschouwd worden als een van de bevoorrechte recep-
torplaatsen, zoals de voorste oogkamer, hersenweefsel en de wangzak van 
de hamster, waarin slechts geringe of geen transplantatiercactics worden 
waargenomen. 
Gezien de latente gevaren, zoals het overbrengen van infectiekicmen, 
die bij homologe gehoorbccntransplantatics aanwezig blijven, dient waar 
mogelijk aan autologe transplantaten de voorkeur te worden gegeven. 
Zijn deze niet beschikbaar dan dient een goede denaturatie en sterilisatie 
plaats te vinden, om het ge\ aar van het overbrengen van s< hadelijkc 
micro-organismen te elimineren. De kans op resorptie van deze implan-
taten blijkt niet groter te zijn dan bij het gebruik van vitale homologe 
transplantaten. 
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Tables I-VI 
Vitality: + + normal or nearly normal vitality 
+ impaired vitality 
± only scattered living osteocytcs present 
— all osteocyte lacunae are empty 
New bone: + new bone 
± dubious signs of new bone 
— no siçns of new bone 
Resorption: + + extensive resorption 
+ moderate resorption 
± resorption doubtful 
— no resorption 
Osteoclasts: + + more than five osteoclasts in one specimen 
+ five osteoclasts or less 
— no osteoclasts 
Pmnucl. leuc: presence of polymorphonuclear leucocytes 
+ many 
± few 
— none 
Mononucl.: presence of lymphocytes and plasmacells 
many 
few 
none 
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Tabic I 
AUTOGRAFTS TN THE MIDDLE-EAR 
>up A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Surv. 
time 
1 day 
1 
2 
3 
3 
7 
7 
7 
2 weeks 
2 
2 
2 
3 
3 
3 
4 
4 
6 
6 
9 
9 
13 
16 
17 
25 
35 
41 
46 
50 
67 
67 
69 
69 
105 
Corpu 
+ + 
+ + 
+ + 
+ 
+ 
± 
± 
— 
+ 
+ 
;+; 
— 
+ 
— 
+ + 
H; 
± 
— 
+ 
± 
— 
— 
— 
± 
± 
+ 
+ 
+ 
+ 
± 
+ 
— 
+ 
+ 
V I T A L I T Y 
Pror. 
longus 
+ + 
+ + 
+ + 
+ + 
+ 
± 
+ 
± 
+ 
+ + 
+ 
± 
+ 
+ 
+ + 
+ 
+ 
+ + 
+ + 
+ 
+ + 
+ 
+ 
+ + 
+ 
+ 
+ 
+ + 
+ -h 
+ + 
+ + 
± 
+ 
+ 
Proc. 
brcvis 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ 
4 ; 
+ 
+ + 
+ + 
+ + 
+ 
+ + 
+ 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
— 
+ 
+ + 
New 
— 
— 
— 
± 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
4h 
+ 
+ 
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Pmnucl. Mono- Remarks 
lcuc. nucí. 
+ + 
+ ± Fig. 3 
+ + 
lhw 
Bony adhesion 
lhw Fig. 8 
lhw 
— Fig. 4 
-r Chronic otitis 
+ Chronic otitis 
— Fig. 5 
— lhw 
— lhw 
— Fig. 6 
+ Chronic otitis 
+ Chronic otitis 
4- Otitis prcop. 
— Fig. 7 
4- Chronic otitis 
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Table II 
IIOMOGRAFTS IN THE MIDDLE-EAR 
V I T A L I T Y 
)up В 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
Surv. 
time 
1 day 
2 
3 
7 
7 
2 weeks 
2 
2 
2 
4 
4 
4 
4 
6 
6 
7 
9 
17 
18 
26 
28 
32 
32 
40 
58 
58 
65 
82 
82 
100 
111 
114 
Corpus 
+ + 
+ 
+ 
± 
+ 
+ 
± 
± 
-+-
± 
— 
+ 
— 
± 
+ 
+ 
± 
+ 
+ 
+ 
+ 
+ 
± 
— 
± 
— 
± 
— 
— 
± 
± 
— 
Proc. 
longus 
+ + 
+ + 
+ 
± 
+ + 
+ + 
± 
4 ; 
+ 
+ 
± 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
± 
+ 
+ 
+ + 
+ 
±2 
— 
+ 
± 
— 
± 
Proc. 
brevis 
+ + 
+ + 
+ 
— 
+ + 
+ 
— 
+ 
+ 
+ + 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
+ + 
+ + 
+ + 
+ + 
± 
± 
+ 
+ 
+ 
+ 
— 
+ 
±2 
— 
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Pmnucl. 
loue. 
Mono-
nucl. 
Remarks 
+ 
+ 
— 
+ 
— 
— 
— 
— 
— 
± 
— 
— 
— 
+ 
± 
— 
+ 
+ 
— 
+ 
+ 
± 
+ 
+ 
± 
± 
± 
+ 
± 
+ 
+ 
+ 
— 
+ 
+ 
+ 
+ 
Fig. 9 
Fig. 10 
Fig. 11 
Fig. 12 
Chronic otitis 
Chronic Otitis 
Chronic Otitis 
Chronic otitis 
Fig. 13 
Chronic otitis 
Chronic otitis 
Chronic otitis 
Chronic otitis 
Fig. 14 
Chronic otitis 
Chronic otitis 
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Tabic III 
DENATURED GRAFTS IX THE MIDDLE-EAR 
Group С 
Boiled autografts 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Dried autografts 
19 (30)* 
20 (40) 
21 (10) 
22 ( 5) 
23 (40) 
24 (40) 
25 (40) 
26 (30) 
27 (40) 
28 (15) 
29 (20) 
Boiled homografts 
30 
31 
32 
33 
34 
Alcohol preserved 
35 
36 
37 
38 
Surv. 
time 
1 day 
1 
2 
7 
2 weeks 
4 
6 
6 
15 
29 
34 
51 
66 
83 
83 
96 
114 
114 
3 days 
7 
8 
10 
2 weeks 
6 
13 
41 
41 
64 
88 
5 weeks 
17 
28 
75 
110 
homogr. 
3 weeks 
10 
26 
34 
V I T A L I T Y 
Corpus Proc. Proc. 
longus brcvis 
+ 
+ + 
+ 
+ 
+ + 
+ 
+ 
minutes 
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Pmnucl. Mono-
lcuc. nucl. Remarks 
+ + 
± + 
+ 
Fig. 15 
Fig. 16 
Fig. 17 
Fig. 18 
+ Chronic otitis 
+ 
—· 
— 
— 
+ 
+ 
— 
+ 
+ 
+ 
± 
+ 
+ 
+ 
Chronic Otitis 
Fig. 19, chronic otitis 
Chronic otitis 
Chronic otitis 
± Fig. 22 
+ Chronic otitis 
+ 
Fig. 20 
+ Chronic Otitis 
± Fig. 21 
Fig. 23 
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Tabic IV 
AUTOGRAFTS IN MUSCLE 
V I T A L I T Y 
oup D 
1 (i) 
2 (2) 
3 (1) 
4 (2) 
5 (2) 
6 (2) 
7 (2) 
8 (2) 
9 (2) 
10 (2) 
11 (2) 
12 (2) 
13 (2) 
14 (2) 
15 (2) 
16 (2) 
17 (2) 
18 (2) 
19 (2) 
20 (2) 
21 (1) 
22 (1) 
23 (2) 
24 (1) 
25 (2) 
26 (2) 
27 (2) 
Surv. 
time 
1 day 
1 
3 
3 
3 
5 
5 
7 
7 
10 
10 
2 weeks 
2 
3 
3 
4 
4 
6 
6 
8 
8 
12 
12 
20 
20 
25 
25 
Corpus 
+ + 
+ + 
+ 
+ + 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
± 
+ + 
+ 
+ 
+ 
^ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Proc. 
longus 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
Proc. 
brevis 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
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Resorp­
tion 
— 
— 
— 
— 
Ртпш 1. 
leuc. 
+ 
+ 
+ 
± 
^ 
Mono-
nucl. 
^ 
4 k 
+ 
+ 
+ 
Osteo­
clasts 
— 
— 
— 
— 
— 
Remarks 
+ Fig. 24 
- Fig. 25 
+ Fig. 26 
± — — + 
+ — — + 
+ — — + + 
± — — + 
+ — — + 
Fig. 27 
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Table V 
HOMOGRAFTS IN MUSCLE 
Group E Surv. 
time 
1 day 
1 
3 
5 
5 
7 
10 
10 
10 
2 weeks 
2 
2 
2 
2 
3 
3 
3 
4 
4 
6 
6 
6 
8 
8 
8 
12 
12 
20 
25 
25 
V I T A L I T Y 
Corpus Pror. Pror. 
longus brevis 
+ + 
+ + 
+ 
+ 
+ + 
+ + 
+ 
+ 
+ + 
± 
+ + 
+ + 
— 
— 
+ 
+ 
± 
— 
— 
— 
+ 
— 
--
— 
+ 
+ + 
+ 
+ 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
зЬ 
+ + 
± 
H 
+ 
+ 
+ 
-1 + 
+ 
+ + 
+ 
+ 
+ + 
± 
+ + 
+ + 
± 
H-
;+; 
+ + 
+ + 
-t + 
+ + 
+ + 
+ + 
+ + 
H + 
+ + 
± 
+ + 
; Н 
+ 
+ 
+ 
·+-
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
— 
+ 
+ 
98 
Pmnurl. 
lcuc. 
± 
+ 
+ 
± 
— 
— 
— 
— 
— 
— 
—. 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
Mono-
litici. 
± 
+ 
+ 
+ 
+ 
+ 
+ 
-)-
+ 
+ 
+ 
+ 
+ 
M; 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
— 
+ 
+ 
+ 
+ 
Osteo-
clasts 
— 
— 
+ 
+ 
+ 
— 
+ 
+ 
— 
-t-
+ 
+ + 
— 
— 
— 
+ + 
+ 
+ + 
+ 
4 + 
-1 + 
+ + 
+ 
+ 
+ + 
+ 
+ + 
+ + 
Remarks 
Fig. 28 
Fig. 29 
Fig. 30 
Fig. 31 
Fig. 32 
Fig. 34 
Fig. 33 
99 
Table VI 
DENATURED GRAFTS IN MUSCLE 
iup F 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Surv. 
time 
1 da' 
1 
3 
3 
3 
7 
7 
7 
7 
2 we 
2 
4 
8 
8 
12 
12 
20 
V I T A L I T Y 
Corpus Proc. Proc. 
longus brevis 
100 
Resorp-
tion 
— 
— 
— 
— 
± 
+ + 
+ 
± 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
Pmnucl. 
leuc. 
+ 
± 
± 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
Mono-
nucl. 
4 ; 
+ 
+ 
+ 
±2 
± 
± 
± 
± 
— 
— 
— 
Osteo-
clasts 
— 
— 
— 
+ 
+ + 
+ + 
+ 
— 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
Remarks 
Fig. 35 
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STELLINGEN 
I 
Een remming van de pneumatisatie van het rotsbeen is steeds te wijten 
aan een pathologisch proces. 
Л. Tumarkin, J.Laryng. 71 (1957) 137-160. 
II 
De conclusies van Benitcz e.a. omtrent de vitaliteit van incusim-
plantaten in het middenoor van de kat moeten, gezien de benige ver­
binding die tengevolge van de operatie ontstaat, met groot voorbehoud 
bezien worden. 
J. T. Benitcz, J. Laryng. 82 (1968) 23-27. 
III 
Er zijn tot op heden geen overtuigende bewijzen geleverd tegen de in 
1888 door Bezold geponeerde stelling dat een verworven middenoor 
cholesteatoom ontstaat als gevolg van een disfunctie van de buis van 
Eustachius. 
F. Bezold, Z. f. Ohrenheilk. 20 (1890) 5-29. 
IV 
Het welslagen van een gehoorverbeterende operatie uitgevoerd wegens 
otosclerose is meer afhankelijk van de vaardigheid van de operateur dan 
van het type prothese dat gebruikt wordt. 
V 
De veronderstelling van Rauch dat de membraan van Reissner een 
belangrijke rol zou spelen bij het in stand houden van de kationcn gra­
diënten tussen cochleaire peri- en endolymphe, is op grond van het lage 
(Na+-K+) -ATPase gehalte van deze membraan onwaarschijnlijk. 
S. Rauch, Biochemie des Hörorgans, 1964. 
VI 
Zinvolle trommelvlies fotografie is alleen mogelijk met een speciaal 
voor dit doel ontworpen optiek die tot vlak bij het trommelvlies gebracht 
kan worden. 

VII 
In de literatuur bestaat geen eensluidende mening over de invloed van 
het dragen van zg. „super power" hoortoestellen op de progressie van 
perceptic-hardhorendheden bij kinderen; om deze reden moet het uit-
gangsvermogen van hoortoestellen bij deze kinderen begrensd worden 
tot 1 2 0 d b S P L . 
J. II. Macrae, Acia Otolaryng. 66 (1968) 33-39. 
VIII 
Er zijn onvoldoende gronden om bij de behandeling van de ziekte 
van Vaquez cytostatica te verkiezen boven P3 2 . 
IX 
Voor het uitvoeren van micro-chirurgische ingrepen aan de larynx is 
een aangepaste anaesthesie techniek noodzakelijk; het is van belang de 
ventilatie machinaal te onderhouden met in de expiratiefase een nega-
tieve druk van 3-4 cm H^O. 
X 
Het diabetisch coma moet onderscheiden worden in twee vormen: 
een die gepaard gaat met ketoacidose, en een andere die gekenmerkt 
wordt door hyperglycacmie, hyperosmolariteit en het ontbreken van 
ketoacidose. Dit onderscheid heeft therapeutische consequenties. 
W. J. Mculenbclt o.a., NTG 112 (1968) 1731-1735. 
XI 
Operatieve behandeling van rhinolalia aperta op basis van een te kort 
en immobiel palatum molle dient bij voorkeur te geschieden door een 
velopharyngoplastiek volgens Rosenthal. 
XII 
Alvorens aan mannen middelen tegen luchtziekte voor te schrijven 
verdient het aanbeveling een rectaal onderzoek te verrichten. 
XIII 
De doctorstitel verschaft geen informatie over de vakbekwaamheid van 
een medische specialist. 
P. van den Broek, 1968. 



